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ABSTRACT 

The subject of this study is the impact of man's recreational 
activities on the natural environment. A detailed soils and vegetation 
study was conducted on footpaths, which because of their linear form, 
provide an opportunity to contrast a trodden area with undisturbed 
areas over a short distance. The applicability of established methods 
to such a study is discussed, and alternatives are considered. 

The study showed that measurable differences in soil character- 
istics occur across a trail. Bulk density and pH decreased with 
distance from the centre of the trail, while organic carbon content, 
water content, and air-filled pore space increased. A distinctive 
pattern in plant species cover and distribution was also found. 
Associated with the edge of the trail are six edge species with 
characteristics that enable them to tolerate the unfavourable conditions. 

A model of the development of a trail over time which incorporates 
the results of this study is presented. A discussion is included of 
other variables which are thought to be influential. A final considera- 
tion is given to future research methods, and the necessity of inte- 


grated studies is stressed. 
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CHAPTER I 

INTRODUCTION - A REVIEW OF RECREATION IN AN ECOLOGICAL CONTEXT 
1.1 Leisure and Recreation 

The problem of filling many potentially boring leisure hours was 
a real one to many a genteel Victorian and non-existent to the working | 
classes. The passing of two world wars and an economic depression has 
brought a period today in which leisure is valued far more highly, and 
certainly has a more equitable distribution. As with other privileges 
once considered the prerogatives of the wealthy, a more meritocratic 
social climate coupled with the rise of the middle classes in western 
industrial countries has ensured that a considerable amount of leisure 
time has become available to a majority of the population. Increasing 
urbanisation accounts in part for the massive exploitation of this 
leisure time in the countryside, facilitated by the increasing mobility 
of the populace. Countryside recreation has moved into the realm of 
big business, and must compete with the other contenders for more rural 
land: urban and rural development, agriculture, forestry for both 
timber and water storage and supply purposes, and mineral exploitation. 
Concurrent with the increasing demand for recreation land however, 
there is also an increasing concern for the quality of the countryside 
(Hookway and Davidson, 1970). 

Two basic terms, leisure and recreation, should be defined before 
continuing further. Both suffer from being used frequently and often 
without being clarified. The Countryside Recreation Research Advisory 


Group (CRRAG) has endeavoured to remedy the lack of standard definitions 
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in the recreation field by preparing a glossary of terms (CRRAG, 1970), 
from which the following are taken: 

"Leisure is the time available to an individual when the 

disciplines of work, sleep, and other basic needs have 

been met." : 

"Recreation consists of any pursuit engaged upon during 

leisure time, other than those to which people are nor- 

mally ‘highly committed'." 

Highly committed activities include for example child care, religion, 
house repairs and car maintenance. Recreation pursuits are divided 
into active and passive, depending on the amount of physical exercise 
involved. Active pursuits would include water and winter sports, 
riding and football; passive pursuits include pleasure motoring, sun- 
bathing and sightseeing. 

It is not surprising that the rapid expansion of the recreation 
industry has placed a certain amount of stress on natural areas. The 
resulting strain as the environment adjusts to this new situation is 
manifested in many forms of site deterioration. There is a need to 
determine the level of use which can be tolerated by different environ- 
ments for a variety of activities, and combinations of activities, 
with an acceptable level of induced deterioration. The use to which 
an area should be put for recreational purposes should be determined 
by its individual potential for the desired activities relative to 
those of nearby areas and in conjunction with user requirements and 
characteristics. It should be the duty of government, having the 
necessary legislative powers and acting in the interests of the country, 
to ensure that the natural resources of an area developed for recreation 


are made available to the populace and maintained in an adequate condi- 


tion. 
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1.2 Social Implications of Recreation Planning 

Much of the current literature on leisure and recreation is 
concerned with issues more pertinent to the social sciences than to 
environmental sciences. The main areas of research will be discussed 
briefly however, as there is often a lack of awareness between 
disciplines which would have much to offer one another. One must 
accept that scientific research of this nature is not carried out in 
vacuo, but that the outcome of such studies may also have social 
consequences as well as the more obvious scientific ones. An example 
to clarify this might be the physically and biologically determined 
level of use which a particular site can tolerate. If this necessitates 
restrictions on visitor use, it is useful to know the patterns of such 
use, whether visitation is light or intensive, frequent or limited 
to a few occasions, and the characteristics of the visitors: why 
they have travelled to this place and the distance they have come, and 
the age groupings of families. Decisions must be made in the knowledge 
of how, and whom they will affect. Although policy decisions are the 
outcome of value judgements on what should be scientifically conducted 
studies and recommendations, the physical scientist should nevertheless 
be aware of the broader issues arising from his work . 

The sociologist may also offer insights to the recreation planner 
on the role of leisure in society (Roberts, 1971). Understanding the 
motivation to pursue various recreational activities is of value, not 
only when the recreational needs can be fulfilled, but also when an 
acceptable substitute for the preferred activity or location jis required. 
Also from a sociologist comes a warning about mechanisms designed to 
limit recreation activities, in particular the ‘social filter’ 


(Emmett, 1971). In its most evident form this is seen in the exclusive 
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golf club, but, she suggests, it also occurs through controls exercised 
by the British Forestry Commission and National Trust, private land- 
lords, farmers, and so on, in the form of paternalism and the idea of 
exclusiveness - a perpetuation of use by a particular kind of people. 
This concept may be less applicable to North America than it is to 
Europe with its more defined class system, or it may be that in North 
America it operates on a different set of criteria. A similar cautionary 
note was sounded by Wibberley (1971), in pointing out that decisions 
jin countryside planning are increasingly influenced by powerful 
interest groups. 
1.3 Tools for Recreation Planning 
reer Visitor-use Surveys 

A great deal of work has been done on aspects of visitor use, 
especially in Canada and often by means of a questionnaire. Examples 
are the visitor-use surveys of Thorsell (1966; 1968) in Waterton Lakes 
National Park and Banff and Yoho National Parks. Analysis of the 
questionnaire responses characterises the visitors and their activities 
and helps to point out any relationships which may be found between 
for example, distance travelled and length of stay, or the seasonal 
variation in trip patterns (Wall, 1971). Surveys however can only 
characterise the visitation at a particular moment in time, and must 
be repeated if it is wished to monitor the changes that occur over 
time and in response to inanagement techniques. 
1.3.2 Recreation Demand Analysis 

Attempts have been made based on theory and recreation studies to 
build models that describe and predict the various facets of recreation 
demand. Before pursuing this however, additional definitions are 


necessary. Recreation demand is defined as the number of persons (or 
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participatory units) requiring to take part in a particular recreation 
facility, and is seen as a demand for facilities (Law, 1970). This 
existing demand is composed of several parts: effective demand which 
is the present participation, latent demand comprising deferred 
demand (those with the means and time to participate but unable to do 
so because of a lack of facilities or knowledge of them) and potential 
demand (those who wish to participate but lack the means or time, or 
both) and finally there is the element of no-demand - those too old, 
sick or otherwise unable or uninterested in participating. 

Demand studies are therefore concerned with predicting the future 
recreation requirements in terms of effective demand for them. This 
contrasts with visitor surveys (which may be used in demand studies) 
the main objectives of which are to study present effectiveness or 
use of resources. Clawson and Knetsch (1966) have contributed to 
demand analysis by developing demand curves, as have Burton and Noad 
(1968), who are also orientated to this type of recreation research. 
Cesario (1969) suggested the use of operations research tools in 
recreation planning by locating facilities in accordance with the 
travel flows to recreation sites in the system. Detailed models have 
been produced for selected aspects of recreation, for example leisure 
motoring (Hall, 1971). 

1.3.3 Ecological Surveys 

The needs of visitors and the effect of the environment upon them 
are evidently important aspects of recreation planning. It is however 
a mutually interacting situation, ana the impact of visitors upon the 
environment must also be considered. It is clear that the environment 
can only support a certain amount of pressure and will deteriorate if 


over-used. One might hypothesise that a feedback mechanism would 
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6 
operate, such that sufficient deterioration of a site would lessen 
its attraction to visitors, reduce visitation and hence lighten the 
pressures on that site. Natural revegetation might then occur. 
Unfortunately there is little evidence that such an inbuilt control 
exists and indeed the modern visitor from the urban habitat often 
seems to soenany seek the close proximity of his fellows, even 
when offered the opportunity to be apart from them. It is inevitable 
then that intensive use will produce adverse effects on even the most 
resistant environment; the management goal of minimising these 
effects must be based on the ecological principles that govern them. 
Ecological surveys should therefore have a high priority and may be 
used in setting limits upon the use an area can receive, based on its 
carrying capacity. This concept is discussed in the next section. 

1.4 Recreation Carrying Capacity 

Turning from user-oriented and demand studies, it has been shown 
that recreation planning and management must be based on the capacity 
of an area to support different kinds of recreational activity. This 
calls to mind the ecological concept of carrying capacity, defined 
as the upper limit or equilibrium level of a population when its 
growth follows a sigmoid form (positive acceleration phase, logarithmic 
phase, negative acceleration phase) (Odum, 1959). This has been 
interpreted in a definition of recreation carrying capacity (CRRAG, 
1970) as "the level of recreation use that an area can sustain without 
an unacceptable degree of deterioration of the character and quality 
of the resource or of the recreation experience." Four different 
Sub-types of capacity are recognised by CRRAG: 
7. Physical capacity. This is the maximum level of recreation use, in 


user-units (people, cars, boats, etc.) for which a particular 
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facility was designed. 


ii. Ecological capacity. The maximum level of recreation use in terms 
of numbers and activities that can be accommodated before a decline 


occurs in ecological value, assessed from the ecological viewpoint. 


iii. Economic capacity. The maximum level of recreation use which 

can be accommodated in an area that is also used for some non- 
recreational purpose before damage becomes economically unacceptable 
from a management viewpoint. An example is boating on a reservoir 


which is also used as a water supply. 


iv. Perceptual capacity. The maximum level of recreation use above 
which there is a decline in the recreation experience of the 
recreation participant, varying according to individuals and the 
recreation activity considered. 

It can be seen that definition of recreation carrying capacity is 
open to interpretation of what is an ‘unacceptable degree' of deteriora- 
tion of the 'character' and 'quality' of the resource or recreation 
experience. This serves to highlight some of the management and 
planning problems, for even if the degree of deterioration can be 
assessed, it must still be decided whether that degree is acceptable 
or unacceptable. It is interesting to note that this definition implies 
a value judgement (...an unacceptable degree...). This is in contrast 
to Wagar's (1964) definition of recreation carrying capacity as the 
level of recreation use an area can withstand while providing a 
"sustained quality of recreation", that is, the level of use at which 
quality remains constant. No qualification is attached to quality, 


which may therefore be at any level, and certainly would be at a low 
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level on a heavily over-used site. Wagar's definition then is more 
Closely related to the ecological definition (Odum, 1959) in implying 
equilibrium conditions at which both population and environment have 
a certain stability. ‘Quality' is used in both these definitions 
purely as a descriptive term and without the implication of attached 
value as is seen in the often used phrase ‘a quality recreation/wilderness 
experience’. 

The definition of ecological capacity similarly invites a broad 
interpretation of the ‘decline in ecological value’ especially as it 
is to be assessed from the ecological viewpoint and presumably by 
ecologists. Perhaps it is best viewed in the light that ecology is the 
Study of the interaction of biotic and abiotic systems; that ecosystems 
develop from a young stage characterised by high net production and 
rapid growth to a mature stage of low net production, stability and 
diversity. In other words, the overall strategy of ecosystem development 
is directed to achieving the jargest and most diverse organic structure 
possible, given the limitations of the available energy input and physical 
conditions of existence (Odum, 1969). The net result of internal com- 
munity action is symbiosis, nutrient conservation, stability and a decrease 
in entropy. For the purpose of this argument we are most concerned with 
the stability of the system, the resistance it offers to external pertur- 
bations. The mature ecosystem has more refined homeostatic mechanisms to 
dampen the effects of disturbance than does the less mature ecosystem. 
However, we are not inflicting minor pressures on the environment in many 
cases, nor are we dealing with a closed system. There is a tendency there- 
fore for the system to revert to a younger, or earlier, successional stage 
instead of absorbing the disturbance while remaining in a mature stage. 


In addition we have not given ecosystems the necessary time to adapt to 
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our pressures; as Odum (1969) points out, most of the stresses 
introduced by man are too sudden, violent or arrhythmic for adaptation 
at the ecosystem level and so tend to give rise to severe oscillation 
instead. The hypothesis of Darling and Eichhom (1967) is that, given 
time, there will be an adjustment to counteract recreational pressures. 
Perhaps ‘a decline in ecological value' may now be interpreted 
in terms of the effect of pressures on the progress of succession and the 
characteristics of the different stages of succession. This may not be 
the whole answer; if it were so we would have to accept that such prac- 
tices as using fire to maintain pyrogenetic communities such as pine 
forests represents a decline in ecological value. This may very well 
be so, but it maybe at the present economically more desirable than allow- 
ing succession to follow its course. ‘Economically more desirable' 
is a term which reflects the current social-economic climate, which 
seems likely to undergo some drastic changes in the near future if we are 
to pass from this 'bloom' stage of population growth to a more 
stable, protection-oriented stage of equilibrium density. 
For the present then, it may be possible to measure a decline in 
ecological value by the amount of change a system has undergone in 
being diverted by man from its current successional status. An 
interesting aspect of this is that it is still not known whether 
mature ecosystems continue to age, so that the period of maturity 
and stability is followed by a senescent phase when the ecosystem is 
again more susceptible to change. A final point is that implicit in 
the term ‘ecological value' is really the value to man - to a person, 
group or agency - and here again the filter mentioned previously 


(Emmett, 1971) is likely to operate. 












4 baw 4 > } 
es2eeyise Ay 


. aa : 
HOTTSIGADE Sot shies YO Thalor te 008" oe nem wd hga anibars 
; 7 ‘ 
mors Tt rac a Vo @ } | < | Wg SF 0g Kin: foe hoe eae SF q > 1s 

' 7 i 
fievtp .Fens 27 1h dof] bie OPTS 50 -te 2 PeeOR en ant 7. rr: 
257 SeetG fHno ry so% ; AUIGS O° J ws 2UC0S 5. 5¢ AT? Pw St ay “eis 


a eee ahh stocteds +f ani tape aaertay 


—_ a . i : 4 7 = =, a a 
od bns neleze: | 122599 70 959%%9 ste 7 gamer 
a 
_ 


EY , or \ { : 7 S ’ &, aw 5 t 4 j =a +0 20 satsat gered 
7 
ue 2 | . | | 2 esw J) Tho pigweets ae Tout ot) 


, ‘rointem Od oWt% plete eee 







Lia ’ 
yrsy yee 21 fay “fexipon ob 6 Zinazetasy 27esig7 
~ 


) ,- ofa nie FS eiie s 291797 Tara eres et" 
~ is 


‘ 14 o> a : P OTT; aA! J viests ae PA 


HOtsArga0 sAT<¢ oli: ®ilp ote wee 
3 "eri g3.2 (Ds: ~NOhIISIOIG -SiSbam. oF 
- _ 


‘ 
: , : t 19, Sis tem 
bd ° 
; + 5 ‘ ae j af HY j 
“" , oe 
7 ? ~% y i I Lot iyayre 
: 
q 
4 2 j . TAA r 2 4 c 
a ; are ‘a ip 2 al Aj 2 2fiia 14 12k ont 
a 
y i 





: SENS In: To HOT aq. 4h" Lh) O82 aps, Gd suNtine ee 
’ 7 









mre yacas Sis nett “Se 2ni9 718 MAGSE. Gi eo hors zt ‘sit Tt 
— 
: «abn Ok 8 








at “ ip: ai 30 rire) ae 





10 


1.5 Ecological Impact of Recreation - A Literature Review 
1.5.1 General Ecological Impact of Recreation 


Given that adverse effects on the environment will occur where 
there is mis-use or over-use, it is then pertinent to enquire what 
form these will take. As examples of the degradation in habitat 
quality in Britain,Phillips (1970) cited the limited variety of flora 
on Box Hill, Surrey and bird life on the Broads in areas used intensively 
for boating. Dune systems and "inland wetlands" are two of the most 
fragile ecosystems for recreation use (Hookway and Davidson, 1970) 
and pollution, trampling, litter and fire are the main causes of 
Site degradation. In 1967 the International Union for Conservation 
of Nature and Natural Resources (IUCN) published the proceedings of 
a conference devoted to the impact of recreation on the environment. 
Perhaps due in part to the shortness of the papers, one gains from 
the proceedings an impression of superficial generalities, but 
most regrettable is the lack of scientific studies and hard data. 
There were contributions that dealt specifically with the ecological 
impact of recreation in Britain (Ryle, 1967) and in Canada (Coleman, 
1967; Edwards, 1967; Darling and Eichhorn, 1967), and also with the 
impact of the products of tourism and recreation (Kraus, 1967). These 
studies need now to be expanded by field research and provided with a 
more solid base from which conclusions may be drawn. 

Publications of a practical value come from persons who are 
responsible for management decisions in the recreation field. Densmore 
and DahlIstrand (1965) discussed the applicability of erosion control 
practices originally developed for agricultural land to recreation- 
induced erosion problems. Among other topics they discussed erosion 


potential of a site related to the increased runoff created by soil 
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compaction and paved areas. The disposal of surface water must be 
planned to minimise this erosion hazard. Also discussed was the im- 
portance of a ground cover and its relationship to the canopy cover, 
as well as the usefulness ofcroprotation principles in resting heavily 
used sites. Bohart (1968) in a somewhat similar vein, endorsed this 
idea of resting areas in rotation. He stressed that planning and 
design of a facility should endeavour to make over-use, and hence site 
degradation, an impossibility. Such design must consider the site 
limitations as well as the attractions. 

As a final observation, it is interesting to note that the United 
States Forest Service (USDA) in providing guidelines for developing 
self-guiding trails (Forest Service, USDA, 1964) had little to offer 
in the brief section on trail maintenance beyond the picking up of 
visitors' litter and promptly replacing damaged signs and markers. Any 
other problems that may arise are presumably dealt with in the final 
Sentence which pronounced that "good trail maintenance will spot po- 
tential hazards that can be eliminated before they become troublesome." 
1.5.2 The Response of Vegetation and Soils to Treading 

The studies which are the subject of this section have in common 
a scientific basis from which conclusions are drawn. They include work 
carried out over the last sixty years which contributes to the under- 
Standing of ecological problems generated in areas used for recreation. 

Shantz (1917) recorded one of the first attempts to follow the 
process of revegetation of heavily used surfaces, in this case the 
abandoned roads on the grasslands of eastern Colorado. The nature of 
the tracks left by carriage wheels is similar to those of pedestrian 
use in that the ground is denuded of vegetation and the soil compacted. 


The tracks left by horses are different however, as hooves tend to cut 
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12 
up and loosen the soil surface. Shantz concluded that succession on 
these roads differed from that on abandoned fields in only minor details. 

The first study directly related to the effect of pedestrian 
treading on vegetation was by Bates (1935). He sought an explanation 
for the observation that the vegetation of a path is often very differ- 
ent from that alongside it. For several paths, data were collected on 
areal percentage (cover) of bare ground and for individual species, and 
the frequency and constancy of individual species. He recognised the 
importance of soil density but failed to obtain definite measures of 
it. The occurrence of 'puddling' (deflocculation of clay particles) 
was considered of prime importance to the survival and performance of 
the path species, although not considered to influence the species 
composition. 

Bates hypothesised that the species resistant to treading must 
possess some common peculiarity of structure. This was supported by 
the discovery that the most resistant gramineous species were Poa 
pratensis! and Loliwn perenne, both of which exhibit conduplicate stems, 
folded leaf sections and a cryptophytic life form, characteristics 
which offer some protection from damage by treading. In addition, 
Plantago major was found to occur on the footpath in a cryptophytic 
form and as a hemicryptophyte on untrodden areas, suggesting that life 
form was an important factor in the ability to survive. Bates also 
set up an experimental plot consisting of rows of different species 
across which a path was trodden daily, enabling him to compare the 
effects of trampling on these species. It is surprising that this 
detailed paper did not stimulate more interest as it contained many 
hypotheses to be tested and other points suitable for further research. 

Following this first major study came three others in rapid 


1. See Appendix A for a list of common names. 
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succession, two by Bates (1937; 1938) and one by Davies (1938). 

All stressed the idea that a zonation of vegetation is apparent and 

made the assumption that these zones result from the varying intensity 

of use, although there was no attempt to relate the degree to which the 
path had developed with its use. The most important conclusion drawn 

was that the life form of a species is of major importance in determining 
its ability to resist treading pressures. 

In contrast to the studies of Bates and Davies, a study by Horikawa 
and Miyawaki (1954) in Japan singled out soil hardness as the most 
important contributory soil factor governing "treading associations". 
Haessler (1954; cited in Walter, 1960) followed the earlier lead of 
Bates and Davies in investigating various treading situations to determine 
the characteristics that confer resistance upon the "treading species" 
and their ability to reproduce and spread under adverse conditions. 

An immediately striking aspect of these widely separated studies is 
the frequency with which certain species are encountered. Poa 
annua, P. pratensts, Polygonum aviculare, Capsella spp., Matrtcarta 
matricartotdes, Plantago major, Taraxacum officinale and Trifoliwn 
repens all appear repeatedly in studies of treading situations in 
temperate zones. 

A study of forest picnic sites in Connecticut (Lutz, 1945) 
showed that the infiltration rate of water on picnic sites was severely 
impaired with heavy use. A heavily trampled sandy soil was found to 
be one-sixth as permeable as the same soil in non-used areas, and a 
sandy loam soil only one-twentieth as permeable as its non-used 


counterpart. 
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A review of the effects of soil compaction on forest and range 
Tands by Lull (1959) brought out a point which is significant to 
recreation situations, He stated that forest cover is important in main- 
taining a leaf litter layer to absorb the energy of falling raindrops 
that otherwise have a compactive effect on the bare soil. The state- 
ment that "their (rainfall impact and surface runoff) most important 
effect may be the continuation of compaction after disturbance has 
ceased" is eminently applicable to the question of resting a recreation 
site or revegetating a disturbed area. 

Wagar (1964), recognised the need to determine carrying capacity 
of recreation sites, and tried to establish a relationship between use 
and the vegetation response by simulating treading on experimental plots. 
The plots were harvested at the end of the experiment and multiple 
regression equations were derived for production and 'use'. 'Use' 
was determined by dropping a tamp on the plot, and these data are 
therefore fairly limited in their applicability. The change in 
composition of the ground cover, an important aspect of any treading 
Situation, was not considered. Tamping must be correlated with actual 
treading pressures before it can be used in a predictive model, and 
an important aspect of treading that it cannot simulate is the rotary 
twist applied by the foot in walking (Bates, 1938; Davies, 1938). 

The conclusion that no apparent threshold was found beyond which addi- 
tional tamping caused accelerated site damage must be viewed with caution. 
Campgrounds in Rocky Mountains National Park, Colorado, were the 

Subject of a study by Dotzenko, et al. (1967). They evaluated 
relationships between bulk density (a measure of soil compaction), 
soil moisture and organic matter using correlation and regression 


techniques for sites with different levels of recreation use, but had 
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to conclude that more research was needed. They also noted that 
techniques and methods should be developed to study the effects of 
many factors on campground environments, an indication that perhaps 
traditional methods should be replaced. 
1.5.3 Ecological Studies of Recreation Sites 

A major landmark in the so far rather haphazard development of 
recreation ecology was the publication (Duffey, 1967) of papers from 
a British symposium on the biotic effects of public pressures on the 
environment. The introduction acknowledged that factual data and 
experimental results were extremely meagre, but suggested that it 
was time for general discussion and collaboration on topics including 
the effects of public activities on Nature Reserves, mountain habitats, 
woodlands and hedgerows, coastal habitats, and grassland areas. Only 
those particularly relevant to this study will be commented on here. 

Watson (1967) outlined the problems that have arisen in skiing 
areas in the Cairngorms and the proposed research methods for studying 
them. The results of this study were detailed in a later paper (Watson 
et al., 1970); soil erosion was monitored by mapping the area of 
damaged ground once a year, and work was begun on compaction and 
infiltration. Trampling studies isolated indicator species that 
respond uniformly to increasing pressure. Reseeding experiments were 
conducted using commercial seed mixtures, necessitated by the problem 
of soil erosion. This raises the question of the ethics of seeding 
with non-native species, especially in an area under protection. 
However, it is expected that, when not supported by fertiliser treat- 
ments, these commercial species will be succeeded by indigenous species. 
Research into the behaviour of people on paths and those who deviate 


from the paths is currently being conducted. A study of human pressures 
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16 
On another mountain environment, Snowdonia in Wales, led Goodier 
(1967) to conclude that we must consider designing environments which 
will withstand human pressure. 

Methods of estimating visitation were discussed by Hammond (1967) 
and divided into those that were manual (e.g. plotting visitor numbers 
and positions on a map) and those that were automatic (e.g. photo- 
cell counter, electro-magnetic counter operated by pressure on the 
lower bar of a stile, and time-lapse photography). However, no 
quantitative observations of the effect of various visitation patterns 
had been made at that time. 

Perring (1967) described an interesting study of changes in 
species composition in chalk grassland caused by the galloping 
of horses. This study showed that the typical chalk grassland sward 
containing many species was converted by galloping pressure to an 
atypical, species-poor grassland. 

In a recent series of papers (Marr and Willard, 1970; Willard 
and Marr, 1970; 1971) the visitor impact on alpine tundra was 
examined in Rocky Mountain National Park, Colorado. A scale of 
visitor effects was developed to sample the vegetation, but no 
attempt was made to relate this to the numbers using the area. The 
ecosystems were ordered according to vulnerability, those with high 
soil moisture being the most affected, followed by tall herb systems 
and fellfield. Turf types were found to be the most resistant. 
Enclosures and the channelling of visitors, so that a known amount of 
use was received, led to the conclusion that an area that has been 
trampled for one year will almost completely recover in four years. 
The prospect is less hopeful for sites that have been used for a longer 


time; one showed no improvement in four years of protection having 
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sustained severe damage through thirty-eight years of use. The 
authors estimate that some sites which have been damaged by only a 
few seasons' use will take hundreds tf not a thousand years to fully 
recover. 

A study concerned with techniques for examining the effects of 
recreation pressures is that of Goldsmith et al. (1970). Questionnaires 
in the form of maps were used in the Isles of Scilly; from these, maps 
of the intensity of visitor use and the distribution of various 
activities were prepared. These were then compared with maps of 
plant communities. Detailed studies of vegetation along transects 
were compared to user-patterns (derived by photographic and photo- 
electric means) and soil characteristics by use of partial correlation 
analysis.. 

Three less formal studies are those of Barker (1967), Lindsey 
County Council (1970) and Huxley (1970). The first is largely a 
result of personal observation over a period of time, but no less 
valuable for its qualitative nature. The second is also a descriptive 
account, but is important as a report for a local government body 
from which future proposals affecting the environment will emanate. As 
Shown in the Lindsey Project for the Improvement of the Environment 
it is important to involve both local voluntary bodies and the 
statutory authorities and to not consider recreation ecology only in 
an academic light. The third paper mentioned (Huxley, 1970) is an 
informal introduction designed to stimulate thought on countryside 
footpaths. He discussed the various types of natural path and foot- 
path construction on a variety of topographies and through different 
communities. 


Fortunately, the volume of research on the effects of recreation 
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On the environment is rapidly increasing. There appear to be more 


detailed studies in Europe and particularly in Britain (although this 

may simply reflect the availability of material published in English) 

than there are in North America. This is due in part to the differences 
in recreation area and relative population sizes, although North Americans 
havein recent years come to realise that land is not an infinitely 
available resource. Europeans have been despoiling their environments 

for a longer period, but at a slower pace; the limited space and large 
populations require that action is taken to remedy the damage as soon 

as possible. 

There is still however a great deal of research that must be 
carried out before it will be possible to base management techniques 
rather more on scientific principles than on intuition. The present 
study is an attempt to document some of the ecological effects of 
recreation resulting from the pedestrian use of trails. 

1.6 The Purpose and Scope of the Present Study 

This study is an attempt to quantify some of the variables 
connected with trail status. Trail status may be defined as the physical 
and biological attributes of the trail or path at a particular point in 
time, and includes soil compaction, width of the path and plant species 
distribution and abundance. 

An important aspect of the study was to examine various appropriate 
field methods and to test them in a recreation situation. The preceding 
literature review illustrates that very few studies of this type have 
been conducted so far, and that there is no generally accepted methodology 
(although there have been many conclusions to the effect that this 
would be desirable ). All agree that trampling is one of the most important 
factors contributing to the deterioration of a site, but also one of the 


least well understood. This study is therefore focussed on a channelled 
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treading situation, namely a path or trail, to document the changes 
occurring from the centre to the edge and then into the undisturbed 
vegetation. 

Trails were chosen as the subject of a detailed study as they 
express, in a very concise way, a system of graduating recreational 
pressure from the centre of the path to its edges. Channelling of use 
gives rise to a more intensive pressure than would be experienced if 
the pressure was distributed over a larger area. A path may therefore 
be an indicator of the type of changes that would occur in an area if 
the pressure throughout the area was increased. Hence a path may be 
viewed as an expression of areal response collapsed into a linear form. 
This speculation has certain limitations; the linear form of the path 
and the close proximity of very different zones (bare ground to natural 
cover) will probably give rise to certain conditions that would not 
occur on extensive areas receiving identical pressure, and it may be 
impossible to identify the appropriate source. This concept may be 
retained as a tentative hypothesis and re-examined later. 

Trail status is the outcome of a multiplicity of interacting 
variables. It was not feasible to attempt analysis of more than a 
few that are considered of prime importance. These are tested 
statistically and data are presented by various methods. A tentative 
model of the factors determining trail status includes variables that 
were not measured in the field, and relies primarily on theoretical 
considerations. 

The Cypress Hills in southern Alberta were selected as the study 
site. This area is a Provincial Park with an increasingly popular 
lakeside resort and is currently experiencing an increase in recreational 


activities and visitation. Nature trails (self-guided) provided in the 
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late sixties were investigated by this study. 

[It was originally intended to relate use to the trail status. 

This was not possible however as the trail was investigated using 
transects perpendicular to its length; the position of trail-users on 
the transect was therefore required in addition to the absolute numbers 
crossing the transect. Collecting data of this kind would require at 
least mechanical aid in the form of photographic records, and would be 
facilitated by a team of researchers able to monitor more than a single 
point in space. 

In conclusion, this study considers trail status, investigates 
methods of examining trail status, and tests some of these ideas in the 
field. Various ways of analysing and expressing the results of the 
data collected in the field are discussed and demonstrated. A model is 
offered for the factors determining trail status, based on observations, 
field data and theoretical considerations. Finally, trail management 


and suggestions for future investigations are considered. Appropriate 


here is an observation by Lucus (1966), specifically related to wilderness 


policy but also applicable to any ecological recreation research: 


“The potential returns of environmental research related 
to wilderness policy seem large. Many of the major 
problems seem insoluble without such research. Debate 
and dispute will never be eliminated by research, but 
they could be focussed on the really intangible value 
choices." 
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CHAPTER II 
CYPRESS HILLS - PHYSICAL AND VEGETATIONAL ASPECTS 
2.1 Location 

The Cypress Hills cover an area of about twenty five hundred 
Square kilometres in southern Alberta and Saskatchewan (Figure 2.1), 
rising to an elevation of 1,468 metres (about seven hundred and 
fifty metres above the plains) at the western extremity. In 
Alberta, the north and west margins of the gently sloping plateau 
surface drop steeply into cculees, or melt-water channels. During 
the Pleistocene glaciation, the continental ice-sheet from the 
north-east flowed around the Hills, reaching to an elevation of 
1,372 metres and leaving an unglaciated nunatak. The southern slopes 
of the plateau are consequently far less abrupt than their northern 
counterparts. 

The uniqueness of the Cypress Hills as the highest point 
between Labrador and the Rocky Mountains is doubtless a consequence 
not only of their position on the continental divide (as a watershed 
for rivers flowing both to the north and to the south) but also of 
the porous nature of the capping conglomerate which reduces run-off. 
Furthermore, the easily erodible Frenchman, Battle and Whitemud 
Formations are protected by the overlying resistant Ravenscrag 
Formation, 

An alternate prneerecr for the preservation of the flat plateau 
surface is that it is a lateral erosional remnant midway between the 


pre-glacial Missouri and South Saskatchewan rivers (Crickmay, 1965). 
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Figure 2.1 


Location of the Cypress Hills 
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According to Broscoe (1965), the pre-glacial divide between the two 
major river systems was a ridge linking the Cypress Hills and the 
Sweetgrass Hills, and the drainage at that time was to the north- 
west and the south-east. The pre-glacial divide was submerged during 
glaciation and several large melt-water channels, notably that in 
which the modern Milk River flows, were cut through as the ice 
retreated. This drastic change in drainage pattern may also contribute 
to the isolation of the Hills. 
2.2 Geology 

The deposits of the Cypress Hills and its surrounding area yield 
evidence of three main occurrences in the past (Russell, 1965). 
These are the withdrawal of the Pakowki Sea giving rise to terrestrial 
conditions, and the subsequent invasion and withdrawal of the Bearpaw 
Sea, followed by erosion of the land surface and deposition of materials 
originating in the Rocky Mountains. 

On the plateau the Cypress Hills Formation (conglomerate) caps 
the underlying formations. It is thought to have been deposited 
by a wide swiftly-flowing stream from the west (Irish, 1965), and is 
covered by a variable thickness of loess. 

The Ravenscrag Formation is found below the conglomerate, and is 
a Paleocene deposit of shales, siltstones, fine-grained sandstones 
and coal seams. The Upper Cretaceous beds underlying the Ravenscrag 
are the Frenchman, Battle, Whitemud and Eastend Formations, the latter 
being a transitional zone into marine sediments arid containing a coal 
seam which was mined in the Park until 1961. The Bearpaw Formation of 
marine shales below these deposits is continuous into the plains 


around the Hills. 
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2.3 Climate 

With their isolated elevation the Hills experience increased 
precipitation and rather decreased temperatures. Medicine Hat, 
about sixty kilometres north-west of the Hills, has a daily mean July 
temperature of 20.6° C compared with 15° C in the Hills, and a mean 
yearly precipitation of 33 cm, 13 cm less than the Hills (Halladay, 
1965). The high evaporation rates which help to maintain a prairie 
vegetation on the plains are reduced in the Hills. The north-facing 
Slopes of the Cypress Hills are sheltered from the prevailing south- 
west wind and this, coupled with aspect, enables a forest cover to 
develop. There are not, unfortunately, long-term comprehensive weather 
records for the Hills. 

2.4 Soils and Vegetation 

Soils and vegetation of the Cypress Hills are closely related ta 
elevation, aspect, and the moisture regime. Grey wooded soils are found 
on the plateau and north-facing slopes, often with only a thin Ay / 
horizon over an eluviated ee lodgepole pine (Pinus contorta) and 
white spruce (Picea glauca) are associated with this profile (Bird 
and Halladay, 1967). Brown, dark brown and black soils are commonly 
found under the grassland associations (Breitung, 1954). 

Two major divisions of vegetation occur. The forests are on 
north-facing slopes and in valleys at high elevations where the other- 
wise prohibitive temperature and moisture regimes have been ameliorated; 
grassland is present under the more rigorous conditions of the south- 
facing slopes and on the jiower plateau elevations that are exposed to 
the south-west winds. Lodgepole pine is the most numerous tree species, 
occurring at the highest elevations and as pure stands on the well- 


drained, warm soils of the conglomerate capping of the pleateau, 
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extending into mixed stands on the north and west slopes. It is believed 
to occur as a sub-climax (Breitung, 1954; Bird and Halladay, 1967) 
Since the successional white spruce is prevented by frequent fires, 
notably the Great Fire of 1886 which swept almost the entire Hills. 
Following a fire, regeneration of lodgepole pine is favoured over 
white spruce by the pyric release of seeds from the resinous cones, 

by the rapid rate of ecesis, and by its shade intolerance. Since 
1911, the forested area has been subject to fire control, and fires 
have been less frequent and extensive. There is still little evidence 
that young spruce are becoming established in pine stands however, 
although this has been reported from the Saskatchewan portion of the 
Hills (Breitung, 1954). Spruce tends to occupy the lower and more 
moist sites, often in association with aspen (Populus tremulotdes) , 
another species favoured by fire as it promotes the root suckering 
that is its primary means of propagation in the Hills (Newsome and 
Dix, 1968). Balsam poplar (Populus balsamifera) is also present in 
moist locations, although less abundant than the other three tree 
species. 

The grassland, primarily fescue prairie (Festuca scabrella 
association) is favoured by fire and grazing from invasion by forest. 
In places, the black soil typical of grassland is found under aspen 
groves, indicating that the grassland-forest interface is not a fixed 
boundary, but fluctuates over the years. 

An interesting aspect of the vegetation of the Hills is the well 
represented montane element. It is thought that little, if any, 
vegetation survived on the nunatak during glaciation, but that the 
climate after the ice withdrawal enabled a montane floral (and faunal) 


invasion from the uplands to the south and south-west. Some of these 
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montane species vanished as the climate became warmer and drier, 
and the survivors retreated to the higher elevations and cooler and 
moister sites with northern aspects. Of the 353 vascular plants 
recorded for the Hills in Alberta, some 39 or 11%, are montane 
(Bird and Halladay, 1967). Examples are lodgepole pine, bluebunch 
fescue (Festuca idahoensis), and pine-drops (Pterospora andromeda). 
The representation of a flora that normally is not encountered outside 
the Rocky Mountains suggests to some (Bird and Halladay, 1967) that 
a post-glacial forest link existed between the Rocky Mountains and 
the Cypress Hills, subsequently broken by the climatic changes. This 
idea was also suggested by Russell (1951), who found land snails with 
Rocky Mountain affinities present in the Hills and postulated an 
environmental link with the eastern slopes of the mountains. 

The montane element contrasts with the southern flora and fauna, 
represented by species such as the sage grouse (Centrocercus urophastanus) 
which occurs here at the northern limits of its range. It should be 
emphasized however, that this southern element is to be found not in the 
forested area of the Hills, but in the region directly to the south. 
This area offers an even more extraordinary contrast witn the Hills 
than the prairie to the north, having an annual rainfall of less 
than 25 cmin a gently rolling country of sagebrush and cacti. This 
juxtaposition of environinents has led to various claims that sub- 
tropical and desert species are coexistent with sub-alpine elements, 
this occurrence being partially attributed to the isolation of a relict 
flora on the nunatak during glaciation. While not quite this incredible, 
it is nevertheless true that the Hills and surrounding area possess 
a unique and fascinating biotic complex, which studies are only now 


beginning to elucidate. 
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CHAPTER III 
MAN'S OCCUPATION AND IMPACT ON THE CYPRESS HILLS 
3.1 Historical Events 

Recorded history covers only the last one and one-half centuries 
of man's activities in the Cypress Hills. Evidence of occupation 
prior to this was uncovered by archaeological excavations in a vale 
at the east end of Elkwater Lake during the summer of 1971; they 
offer a tantalising glimpse of man's presence several thousand years 
ago. 

For many years the area of the Hills was a buffer zone between 
Blackfoot and Sioux, but in the second half of the 19th century it was 
used as ahunting ground. During the latter part of the century the 
Plains Indians increasingly occupied the plateau, and tensions increased 
between Indian groups as well as between Indians and white hunters. 
This conflict culminated in the Cypress Hills Massacre of 1872 when 
a band of American wolf hunters attacked a camp of Assiniboine. The 
attack on Canadian Indians prompted the formation of the North West 
Mounted Police and the establishment of forts in ninenes and Saskatchewan. 
The subsequent administration of the 'Medicine Line' - the 49th Parallel - 
iS an important part of frontier history. The last two decades of 
the 19th century saw the passing of the buffaio and the establishment 
of cattle ranching and homesteading by white settlers, and thus this 
brief but eventful period was brought to a close. 
3.2 Establishment of a Park 

There is little recorded about the use of the Cypress Hills in 


the first part of this century. Almost certainly they were used for 
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grazing as the quality of forage was far superior to that of the sur- 
rounding prairie. Most of the information which follows was obtained 
from the Alberta Department of Lands and Forests. In 1906 a forest 
reserve of about two hundred square kilometres was established, but 
grazing within the boundary was continued through the issue of per- 
mits. In the period prior to the Great Depression, settlement and 
prosperity on the Prairies was increasing, and for those in the 
locality, Elkwater Lake (Figure ee gradually became a popular 
refuge during the hot summers. By 1929 it was so firmly established as 
a summer resort that Elkwater Provincial Park was formed, comprising 
approximately seven and one-half square kilometres of land along the 
southern shore. Ironically, on this land set aside as a Park, the 
development of a small village led to a total of forty dwellings by 
1938 and the townsite was withdrawn from Forestry administration. 
In 1945 an unoccupied area of slightly less than half a square kilometre 
within the townsite came under Provincial Parks Board to be administered 
as a public recreation area, and finally, in 1951, a total area of 
199 sq. km including Elkwater townsite, became the Cypress Hills 
Provincial Park, Alberta (Figure 3.1). 
3.3 Twenty Years of Park Development 

Much of the development in the Park has taken place in the latter 
half of the sixties in response to the increasingly sophisticated 
demands of the visitors, as well as their increasing numbers. Some 
of the major developments are discussed in separate sections below. 
3.3.1 Road Network 

Not surprisingly, a comprehensive road network has developed 
in the Park, major sections of which have recently been paved. While 


it is perhaps necessary to upgrade a gravelled road if it is heavily 
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travelled, it is also desirable to keep a park road in harmony with 
the landscape, and in places this has regrettably not been accomplished. 
This case is exemplified by the road carrying high speed traffic from 
the Highway 48 junction on the plateau to Reesor Lake (Figure 3.1). Its 
construction was such that roadside ditches twice the actual road 
width have been excavated to provide road base material. These areas 
have been invaded by 'weedy' species which have very different flowering 
characteristics from the adjacent grassland. The predominantly green 
and white appearance of the ditch provides an unattractive contrast to 
the colourful prairie flowers blooming beside it. The major ditch species 
are foxtail barley (Hordewn jubatum), milfoil (Achillea millefoliun) , 
dandelion (Taraxacum officinale), shepherds purse (Capsella bursa- 
pastoris), pineapple weed (Matricaria matricartodes), common knotweed 
(Polygonum aviculare), common plantain (Plantago major), Canada thistie 
(Cirsium arvense), white clover (Trifoliwn repens), and white sweet 
clover (Meltlotus alba). The gravel roads, although less comfortable to 
travel, have the advantage of reducing vehicle speeds and hence reducing 
the risk to wildlife on the road. Such a reduction in speed should 
give the traveller a closer contact with, and a greater appreciation of, 
the area being traversed. 
3.3.2 Campgrounds 

Many campgrounds are provided both in the townsite and in other 
areas of the Park, and the overflow which often occurs at the height 
of the season has been accommodated on an open space in the townsite. 
Heavy use of the sites has destroyed all but the most resilient ground 
cover. In campgrounds in the pine stands, which have naturally sparse 
ground cover, often the only species remaining is the meadow sweet 


(Spiraea lucida). The sites in mixed forests seem to fare better, but 
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it is interesting to speculate whether campers will continue to use a 
campground that has been trodden bare of vegetation and is dry and dusty, 
if they can find one with less deterioration. 
3.3.3 Beach and Marina Facilities 

The marina was first built in 1961 and rebuilt to its present 
dimensions in 1966. Presently there are moorings for eighty craft. 
There were vacant moorings for the first time in 1971 after several 
years of being over-subscribed. A reduction in the number of powered 
craft can only be an improvement in terms of the small size of the 
lake and its pollution by motor wastes. Furthermore, the sound of 
the more powerful boats on the lake carries well up into the hills. 

Swimming, another lake-oriented family activity, seems conversely 
to be on the increase. In 1965 sand was spread to form a beach and 
a life guard service was provided for public safety. There seems little 
likelihood of the beach losing its popularity, and the grassed area 
between it and the road is effectively maintained against pedestrian 
traffic by the use of water sprinklers. Where there is no water 
shortage this is an effective dual-purpose management tool. 
3.3.4 Trails 

The trails, which are the subject of the detailed study which 
follows, were also established in the late sixties. Beaver Creek 
Trail and the Glacial Erratic Trail to the west of the townsite (Figure 
3.2) were formally set up in 1967. The latter was originally a cattle 
trail and the former was a game trail that was subsequently widened. 
The Fire Trail is situated in a lodgepole pine stand on top of the 
plateau (Figure 3.2) and was first set up in 1968. It was closed 


during the next two seasons and re-opened in 1971. The trails are 


discussed individually below. 


1. The information on management was supplied in August 1971 by 
Mr. A. Salus, Park Manager. 
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Figure 3.2 
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Beaver Creek Trail 

This trail runs to several beaver ponds through a valley of mixed 
Spruce-poplar woodland interspersed with grassy open spaces. It is 
approximately two kilometres in length, and is the only trail receiving 
any form of maintenance. The overhanging grasses are handscythed 
twice before July of each year. The trail runs from and returns to 
the south end of a trailer park, and is popular with campers who 
frequently walk it in the evening to see the beavers (Castor canadensis). 
This trail is self-guided by means of numbered posts along its length 
and an accompanying leaflet which has to be obtained from the Park 
Office. Originally a box containing the leaflets was placed at the 
beginning of the trail, but vandalism and scattering of the pamphlets 
led to the discontinuation of this practice. The Park Office 
estimated that over five thousand leaflets are distributed each year 
PreeclCseec td tie 
Fire Trail 

This trail runs from a point opposite the Fire Tower, where 
parking and information display boards are provided. It passes through 
an old stand of pine into an area that was burnt in 1934, the Willow 
Creek Burn. Dense regeneration has occurred and trees are overstocked 
and ground cover is sparse. The path was cut through the trees and is 
presently marked by its lack of organic cover. Most of the season the 
Surface is very dry and dusty. Metal signs give details of interest 
along the route. This trail is a short ten minute loop, and is con- 
Sidered by the Park Office to be the most popular. An estimate by the 
Fire Officer on the number of people using the path per day at the 
height of the season was from eighty to one hundred and fifty carloads.” 


Personal observations suggest that this is toohigh, and that fifty to one 


2. The average carload is three people. 
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hundred carloads would be more accurate, although this was based on 
only a few days survey. The Fire Trail is an attempt to create an 
awareness in the public of the longstanding consequences of forest 
fires. It also presents a disturbed aspect of the natural environment 
as contrasted to a conserved area such as the beaver ponds. 
Glacial Erratic Trail 

This trail goes to a glacial erratic that sits on a grassy knoll. 
The trail initially runs parallel to the road by the lake (Figure 3.2) 
through a spruce-aspen woodland, then branches off and climbs steeply 
through a narrow belt of pine before reaching the erratic. On the 
steep slope the trail is incised in places up to twenty centimetres. 
The same system of station markers and an explanatory pamphlet is used 
here as on the Beaver Creek Trail. ‘However, as the turn-off from the 
trail parallel to the road is at a steep angle, overgrown, and on a 
bend, and since the marker is not well displayed, people frequently 
miss it and walk the length of this trail instead. This path 
parallel to the road is prone to slumping, probably because of the coal 
mines in the vicinity, but this has not been deemed serious enough to 
warrant preventative measures. The Park Officer estimated that less 
than five thousand leaflets were given to tourists for this trail. 

During the hottest part of the season, when temperatures may be 
29-34° C., it appears from personal observations and from those of 
the Park Manager that there is a distinct quiet period from about noon 
to 3:00 p.m., both for vehicles and for pedestrians. Visitation was 
highest on the trails during the mid-morning (9:00 - 11:00 a.m.) and 
late afternoon (3:00 - 5:00 p.m.) periods. Guided hikes are led by 
Park Naturalists to Beaver Creek and to the Glacial Erratic as part of 


the Lodge Programme which also provides displays in the Lodge, slide 
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talks on geology and flora, films, and car-tours. In the 1971 season 
of May to September, 332 people joined the guide hike to Beaver 

Creek, and 165 to the Glacial Erratic, a total of 497. A further 

206 joined the hike to the plateau from the lakeside, a rather more 
arduous walk of seven kilometres, which takes two hours to complete. 
This grand total of 703 for three hikes per week compares quite favour- 
ably with the total of 838 for the two car tours per week. These 
guided tours have now been running for three summers and all are 
increasing in popularity; this is especially true for the car tours, 


which have the greatest rate of increase. 
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CHAPTER IV 
FIELD METHODS AND LABORATORY ANALYSIS 

4.1 Methodology - Theoretical Considerations 

There is little published information dealing with quantitative 
investigations into the nature of trails and hence there is no estab- 
lished methodology. A choice is therefore offered between adapting 
classical ecological methods to this particular field situation and 
devising new methods with an entirely different perspective. The 
latter approach, although more challenging, would probably be easier 
to accomplish through insights gained from some of the problems en- 
countered in classical field studies. In either case, a desirable 
objective is to minimise the time and effort spent in the field and 
laboratory and to maximise the information output. 
4.1.1 Trail Zonation 

Trails may be studied in at least two ways; one may consider the 
changes that occur across a trail or, in a different dimension, one 
may view the trail as a linear feature composed of parallel zones, the 
characteristic properties of which may be studied. The latter concept 
is easier to handle theoretically as there are measurable differences 
between the well-trodden centre of the path, and points on either side 
Where the effects of the path are minimised. It is a moot point how- 
ever whether these changes would occur in discrete steps and produce 
well-defined zones. Furthermore, if such zones did occur it is 
questionable whether they would be visible; species distribution, 


Success, and other plant indicators arise as a result of the interaction 
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of numerous biotic and abiotic variables, including the toleration of 
inhospitable conditions. One might reasonably expect an overlapping 
of tolerance ranges to a multiplicity of conditions; there is also the 
random element which may occur in every plant distribution. If zones 
were not visually distinguishable they could hardly be used as a basis 
for the sampling plan and sampling to establish such zones would in- 
volve an unavoidable circularity. It is perhaps more reasonable to 
assume that changes across the path will occur in the form of a con- 
tinuum, and in this case the cross-sectional approach offers greater 
applicability. 

In this study an attempt has been made to keep the sampling 
sufficiently flexible to embrace both cross-sectional and zonal aspects. 
Unless some form of zonation is applied it becomes very difficult to 
relate one cross-section to another, and hence to generalise from par- 
ticular cases. The problem is therefore to set up a system of zonation 
with categories sufficiently broad that they will be simple to assign, 
yet still display real differences. Spatial distance is of limited 
value as the width of the trail is variable; therefore it is necessary 
to use some form of weighted distance value, or to redefine distance 
in terms of trail characteristics. The amount of bare ground was used 
as the criterion in this study. It is argued that there will be 
measurable differences in the soil and vegetation properties from areas 
of completely bare ground to those where natural vegetation is found. 
The maximum differences will therefore occur between the centre of the 
path and the zone least affected by the trail, i.e. farthest from its 
influence. As the transect cannot be of infinite length, this latter 
zone is assumed to start, for practical purposes, at a distance two 


to three times that of the trail width from the edge of the trail. 
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This may even be reduced to one trail width in woodland where the 
understorey is dense and often prickly, and there is little if any 
movement away from or alongside the trail. This is of course only a 
general guide and if field inspection indicates it to be unsatisfactory, 
the transect is extended until it appears visually to satisfy the re- 
quirements of undisturbed vegetation. 
4.1.2 Sampling Strategy 

Several constraints became apparent when the sampling strategy 
was being considered, engendered in part because the work was carried 
out on trails in an established park. Non-destructive methods that 
would create minimum disturbance were therefore essential. It was 
decided to sample soils at five points only on each transect: path 
centre (one sample), path edges (two samples), and away from the path 
(two samples). This pattern can be interpreted as representing three 
or five zones, depending whether a symmetrical or asymmetrical dis- 
tribution of characteristics about the centre-line is assumed. This 
selection of sampling sites immediately raised the question of de- 
fining the path and its edges, so that consistent decisions could be 
made for each transect under consideration. It was considered unde- 
Sirable to define the path in terms of any of the variables being 
measured, but equally inadequate to determine the edges purely on 
visual grounds. It was noted however, that a visible discontinuity 
was apparent on the Fire Trail, primarily because of the scarcity of 
organic litter on the path and the lowered trodden channel. The path 
was finally defined somewhat arbitrarily in terms that seemed to agree 
with visual estimates for the Beaver Creek and Erratic trails, as 
lying between those points where the amount of bare ground exposed 


was 50%. The exact method used for determining these points is 
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described in the section on field sampling. This method is based on 
Subjective grounds, but was applied in an objective manner. It is 
Probably true however, that the arbitrary value chosen would not be 
appropriate for all trails, and that 25%, 75% or any other value could 
be used under other habitat conditions. The consideration of the 
zonal concept and the delimitation of the trail have therefore given 
rise to the working definition of a trail as a function of the amount 
of bare ground. 

4.1.3 Transect Analysis of Vegetation 

Transect analysis is often quoted as an appropriate method of 
Studying environmental gradients and ecotones (Cain and Castro, 1959; 
Phillips, 1959; Grieg-Smith, 1964; Kershaw, 1964; Daubenmire, 1968). 
More attention is generally focussed on areal sampling by means of 
quadrats, but given a reasonably well marked variation in vegetation, 
line transect and intercept methods may be equally valuable. It was 
decided to locate the transects randomly so that the data could be 
analysed statistically and presented graphically; this is later dis- 
cussed in more detail. 

The vegetation was sampled alorig the transect using a point quad- 
rat. This is a frame through which pins may be lowered and the species 
which they touch recorded. Cover is defined as the proportion of the 
ground occupied by perpendicular projection on to it of the aerial 
parts of individuals of the species under consideration (Grieg-Smith, 
1964). It may be estimated visually, using for example the Braun- 
Blanquet (1932) scales. These however are prone to subjective error 
and hence are better used for surveys of large areas than detailed 
estimates of abundance. Cover may be measured quantitatively by 


selecting a number of points within the area considered and determining 
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cover for these alone. The use of point quadrats has been extensively 
discussed by Goodall (1952). The main source of error is caused by 
the diameter of the pin. The pins used were therefore sharpened to a 
fine point, and only contact with the point was recorded to avoid 
overly high estimates of the cover. An optical cross-wire method has 
greater accuracy as it is equivalent to using a pin diameter of zero, 
but is of less practical value in dense vegetation. As the data were 
required primarily for comparative purposes, and as a constant pin 
diameter was used, the exaggeration of percentage cover from site to 
Site is not likely to be important. 
4.1.4 Soil Compaction 

Bulk density was chosen to be the best indicator of soil compac- 
tion, but collecting a sample with known volume for bulk density 
determination poses numerous problems. The use of a penetrometer was 
considered, but rejected for the following reasons. The pocket pene- 
trometer has a large error margin of + 20% and measures, by means of 
spring deformation, the unconfined compressive strength of the soil. 
This cannot be converted to a value for bulk density, and only the 
upper 0.6 cm of the soil can be tested. The Procter penetrometer 
uses a graduated 20 cm penetration needle and is more accurate. It 
can be used to estimate wet and dry density and therefore compaction. 
Curves are established in the laboratory for moisture content with 
bulk density and penetration resistance for that particular soil. A 
field measurement of penetration resistance then establishes the 
moisture content, and this together with the wet density can be used 
to estimate the dry, or bulk, density. The penetrometer is most 
accurate for clay and silty clay soils. It cannot be used with any 


reliability on soils of coarser texture or on dry soils (Davidson, 
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1965). It was anticipated that both these conditions would be en- 
countered in the field area and the penetrometer was therefore not used. 

Bulk density is the ratio of the mass to the bulk or macroscopic 
volume of soil particles plus pore spaces in a sample (Blake, 1965). 
The problem in sampling is therefore to obtain a known volume. Two 
approaches are widely used - the core and excavation methods - of which 
the latter is the more accurate, but requires determination of the 
volume of the hole remaining after the sample has been removed. The 
core method involves forcing a cylinder of known volume into the soil 
to obtain the sample. Excavation methods necessitate transporting a 
medium into the field to fill the pit; suggestions vary from water in 
a rubber balloon which can be used for each sample, to sand and corn 
grains which are poured loose into the hole. Lutz (1944) even suggested 
making a plaster cast in the pit. It was felt that under the field 
conditions of this study the core method would be more practicabie, 
particularly as the water content can also be obtained from the same 
Sample. The hole which remains after removal of the core can be re- 
filled with soil. 

Only a small sample could be removed in the field because of the 
need to use non-destructive methods but as the core diameter decreases, 
the disruptive edge effect of inserting the corer becomes more pro- 
nounced so that very small samples may give erroneous values. Soil 
corers are available commercially and others have been devised from 
other tools; Mason (1948), for example, used a sharpened "Flit" gun. 

It was suggested that lengths of thin-walled Dural or copper tubing 
would be adequate, and that the depth of cylinder should be approx- 


imately one and one-half times its diameter. | Copper tubing with a 


1. Pers. comm. S. Thomson, University of Alberta. 
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diameter of 2.5 cm was cut to size and the rim filed to a sharp edge. 
Opinion is divided on the best way to insert the corer to cause the 
minimum disturbance. Dortignac (1950) favoured a constant pressure to 
push the corer in as he found that hammering shattered the samples; 
he enlisted the aid of a hydraulic jack under the bumper of a 
truck. Jamison et al. (1950) produced a hammer-driven core sampler, 
a modification of the sampler used by Lutz (1944), which they found 
preferable for compact soils, although pushing was more accurate in 
dry or wet soils. In wet soils, friction along the cylinder walls and 
Vibrations from hammering cause a viscous flow of soil and result in 
values too high. Compression may also occur in dry soils if uncon- 
SOlidated, and in hard soils if the hammering shatters the sample 
(Blake, 1965). Whatever the moisture condition of the soil, if more 
than an occasional stone is present the sample will give unsatisfactory 
results. The corer was hammered in this study as the soil was too 
compacted to allow the corer to be pushed in. 
4.1.5 Soil Microtopography 

A measure of the transverse profile of the trail was also sought. 
The form of the path itself will affect the distribution of people on 
it. Such microtopography will also provide different microenvironments 
which are thought to be of importance in seed germination (Harper 
et al., 1965) and may therefore influence the ability of species to 
revegetate a path that has been heavily used. In the above study a 
variance measure of the degree of roughness of the soil surface was 
made, the so-called "soil microtopographical variance (S.M-T.V.)". 
Germination experiments were then conducted on controlled soil sur- 
faces of different S.M-T.V.'s, and it was concluded that two contrast- 


ing conditions may be expected to occur in the field. In one case 
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the population size may not be limited by the availability of suit- 
able microsites and in the other a relatively low population size 
will be maintained by the lack of suitable microsites even with a 
high sowing density. In this case, the regulation of population 
density is not, it is suggested, density-dependent. 

The technique of assigning a variance value to indicate the re- 
lative roughness of a surface was extended to this study. Its possible 
application to field studies was indicated by the above study, but 
there has been no use made of it as yet in recreational impact studies. 
Vertical measurements were made from a taut line across the trail. A 
Similar method to determine the lowering of a trail (Burden, 1969) 
used a slotted angle iron, supported on pegs at the edge of the path, 
through which a ruler could be inserted. The practicalities of field 
work, nowever, favoured a less cumbersome tool. The slack on a taut 
nylon line should only amount to one or two millimetres over these 
distances (New Scientist, 1971), and this was considered Sy Gras: 
error quantity. 

4.1.6 Visitor Use 

It was also hoped to monitor the numbers of people using the 
trail, but without some kind of mechanical aid this was impossible. 
The use of photoelectric devices and time-lapse photography are 
discussed in a later section (Chapter VI). 

4.2 Field Sampling 

The trail was first surveyed generally, the distances being paced 
out, and a Brunton compass and Abney level used for the direction and 
degree of slope in each section. Transect sites were selected using 
a table of random digits and located by pacing. 


At each site, 25 cm square quadrats were placed on both sides of 
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the trail such that an estimated 50% of the enclosed area was bare 

ground. The centre points of the quadrats were then taken as the 

‘edges' of the path, and a taut marker line was taken through them 

using surveying pins, and extended into the vegetation beyond the 

trail on each side. The following measurements were then made in 

the order given: 

i. Trail width. This is the distance between the centre points of 
the quadrats mentioned above, perpendicular to the length of the 
trail. The centre of the trail is also arbitrarily defined as the 


midpoint along this width. 


ii. Soil microtopography. Vertical measurements from the taut marker 
line to the ground surface were taken at 10 cm intervals over the 
width of the path. The marker line was divided into 10 and 25 cm 
sections for this purpose. The slope of the line was also taken, so 


that all values could be corrected to a common horizontal baseline. 


iii. Vegetation. Species cover was recorded using a frame of ten pins, 
with a 5 cm spacing between pins. The point quadrat was orientated 
perpendicular to the transect line and placed at 25 cm intervals, 
starting from the centre of the trail and continuing into the well- 


vegetated areas beyond its edges. 


iv. Soil cores. Cores were taken from the centre, edges, and last 
quadrat positions on the transect, a total of five for each site. 
The corer was hammered in starting at the first mineral soil 
horizon (A, ) until the top of the corer was flush with the soil 
Surface. The corer was carefully dug out with a trowel, and the 


SO0il core immediately sealed in a polythene bag. 
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v. Soil samples. These were taken at the same places as the soil 
cores and to the same depth after the cores had been removed. 
Samples of 200-300 gm were placed in air-permeable bags for stor- 


age until they could be dried in the laboratory. 


vi. General site description. A brief note was made of the vegetation 
within a 5 m square around the transect, including the amount of 
Organic litter on the path and the degree of shading. 

The most detailed sampling was done on the trail which ran 
parallel to the road by the lake, designated as trail A. The Fire 
Trail is referred to as trail B, and that to the Glacial Erratic as 
trail C. These trails are shown on Figure 3.2. Outlined above is 
the procedure which was carried out for trails A and C. On trail B, 
no attempt was made to collect soil cores and soil samples as the 
trail was too compacted; it was also very dry and fairly sandy, both 
conditions which cause the reliability cf such methods to be in doubt. 
Further problems were encountered in the lack of ground cover beside 
trail B, and it became meaningless to define the edges of the trail 
in terms of 50% bare ground. The following modifications were there- 
fore adopted for trail B: 

i. As the trail is sited on the plateau on reasonably flat terrain, 
it was not levelled; however it was surveyed roughly in terms of 


paced distances and compass bearings. 


ii. The edge of the trail was established on the basis of the amount 
of organic litter present, the position of trees bordering the 
path, and in particular the point where the trail had become 
lowered relative to the undisturbed area on either side. A trail 


of this kind was easier to delimit by eye than trail A or C. 
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4.3 Laboratory Analysis 


The soil samples were dried at 35°C and passed through a 10-mesh 
(2 mm) sieve. Procedures for analysis were as follows: 
4.3.1 pH 

A 1:2.5 (weight) ratio of soil to water was used, i.e. 20 gm of 
soil to 50 ml of deionised distilled water, in accordance with the 
recommendation by the Soil Reaction Committee of the International 
Society of Soil Science (1930). This means that readings are likely 
to be higher than if made immediately upon the fresh soil when there 
is a suspension effect, due to contact with high concentrations of 
cations on the soil colloids (Jenny et al., 1950). An average 
difference of 1.6 pH units was measured by Gorham (1960) between 
direct electrode insertion and soil solutions for mulls in the Lake 
District, England. For this study the soils were stirred three times 
with a ten minute interval between stirrings. The reading was made 
with a glass electrode pH meter when the soil solution had settled 
for thirty minutes after the final stirring. This period of an hour 
between making the soil solution and taking the reading has been found 
to give more consistent results than longer or shorter periods (Vezina, 
1965). 
4.3.2 Organic Carbon 

There are several methods of determining the amount of organic 
carbon present in a soil sample. One of the more rapid is to deter- 
mine the loss of weight on ignition; the sample, pre-weighed, is 
heated in excess of 400°C in a muffle furnace. It is assumed that 
the less of weight that occurs is due solely to organic carbon com- 


pounds. This is not necessarily the case however, and as there is 
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no indication of the quantities of other materials also released 
during burning, the method yields approximate results rather than an 
accurate analysis. Chenical methods may yield more reliable results, 
but are extremely time-consuming. The Walkley and Black (1934) 

rapid wet oxidation method with chromic acid requires only a minimum 
amount of glassware and standard chemicals, but relies on the diges- 
tion of organic compounds by the chromic acid using the heat gener- 
ated by concentrated sulphuric acid, and a subsequent back-titration 
with ferrous sulphate. Its accuracy hinges on the recovery rate which 
is unknown, and may vary from 70-80% for a soil containing a moderate 
amount of organic carbon. 

Since the methods described above were not considered to be very 
satisfactory, a combustion method to determine the total carbon con- 
tent was used. If no inorganic carbon in the form of carbonates is 
present, then total carbon may be assumed to be the organic carbon 
content. Accordingly, small portions of each sample were treated first 
with a couple of drops of water to displace the air, and then a few 
drops of 4N hydrochloric acid. Effervescence, indicating carbonates, 
would necessitate a separate volumetric analysis to establish the 
quantity so that it could be subtracted from the total carbon leaving 
the organic carbon content. 

The sample was finely ground to pass a 100-mesh (0.419 mm) 

Sieve so that a large surface area would be exposed to the oxygen 
during combustion. A Leco 577-100 induction furnace and gasometric 
analyser was used. A weighed sample of 0.10 to 0.25 gm, depending 
on the estimated carbon content, was placed in a ceramic crucible 
with an iron chip accelerator; the latter, being a better conductor 


of heat than soil. ensures a thorough distribution of heat through 
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the sample. The sample is heated in a closed combustion tube by high 
frequency electromagnetic radiation to a temperature in excess of 
1,700°C. Oxygen is passed over at a rate of 1.5 1/min. All the carbon 
in the sample is converted to oxides, and the gas stream passes first 
through a dust trap, then a catalyst furnace to convert carbon monoxide 
to the dioxide, and finally through manganese dioxide to absorb sulphur 
gases. The C0,.-0, mixture is coliected in a burette over sulphuric 
acid, in which it is insoluble. The gases are then passed into a 
caustic potassium hydroxide solution to absorb the carbon dioxide; 
there is therefore a measurable volume change when the gas (now only 
oxygen) is returned to displace the acid in the burette. A correction 
is made for temperature (readings are taken of the temperature of the 
burette solution) and atmospheric pressure as the measurement is of a 


volume of gas. The calculation of total carbon content is as follows: 


where: k iS corrected conversion factor 
Ae is final burette reading for sample n 
xe is final burette reading for blank 


We, is weight of sample n 


The values may be quoted as 'percentage organic carbon' (with the 
abovementioned proviso that no inorganic carbon is present), or con- 
verted to 'percentage organic matter' using the standard conversion 
factor of 1.74. As this factor may not be a constant for all forms 
of organic material, the values in this case have not been converted 


but were left as 'percentage organic carbon’. 









ptt @ oda nottsycnen, bangle lg mt betes 4B 
70 Vtenxs nt svusevsqngs A OF norre tok 
nodtes ada" TTA  .vtm\! eyF Foeien were det “aa oe : | 
SaxF? e82r2acy ais ap oat bis oe 25brko@2 aa “S = : 
weiglue discos of sbiath Seensprian ipliondt vf feats bag cakinath siies 


iuunatiz sS¥u ostovwd 6 A Basset hooper Sita Tin (ohn ait «23289 ee 
6 ofnt $s2zsq nady dre 2828p SNT (Aalaeloeie ah oe iis tet HF ybhhs ) 

sBbixork sa off dvgede ot noitufoe SRiCTENd qaememnee a3 2uso ; 
no won) 2op att node sone ont fol Sidewiegsin & sretaiene 2F arene : 
ottowd oil nt O556 St Sosiqeth a2 Deniaaay ef (nepyxe 





ro siutayaqne? sf! fo inShé? ev& Bor fbses) Siuseiganes FT Shaw ZF . 
ih 2i ansiw2gon sit Bo Styeeatd SISnteoRTE bng Laorhifes soeswd 7 
‘a 2f Jnethos nodYey [stot to mdrgeluoiss es |" aen ee eee 


(aim ed =F 7 


etze? vichetsyno) betsshed et yaaa ganas oP) 7) 


slomse 107 vAtbeey. sitoerhd, deneeet n* gui 
. - - } 
afisic yO? Dilbesy siftetia (anf? ef re = ) af tie 7 | 
p. ‘ ’ y 7 — - , 
i Siquee. ta tgtsw jet * Wy i 3 





49 


4.3.3 Bulk Density and Related Variables 
i. Bulk density 


The weight of the core in the moisture condition in which it was 
Sampled was determined by weighing it in the sealed polythene bag and 
subtracting the bag weight. Cores were then placed in aluminium 
containers of known weight and dried at 105°C for 24 hours; loss in 
weight is assumed to be due solely to the evaporation of uncombined 
water from the sample. The calculation of bulk density is as follows 


(CGS units are used throughout): 


where: D,, is soil bulk density 
M. is the oven dry mass of soil 


V, is the bulk (field) volume 


b 
ii. Water content 
This quantity is calculated from weighings made during the bulk 


density determination as follows: 


where: a water content on a weight basis 


W. is the initial total mass of the soil sample 


The above equation (2) gives the water content as a percentage of 
the oven dry weight of soil, and is completely independent of the volume 
of the sample. The water content on a volume basis may be found as 


follows: 
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o lz 


where: By is the water content on a volume basis 


Me is the volume of water lost on drying 


Assuming the density of water to be 1 gm/cc, this may also be expressed 


as: 


iii. Porosity 
Total porosity is that percentage of the bulk volume not occupied 


by solids, and may be calculated as follows: 


let D, = We yas 


where: D, is the particle density 


Vo is the volume of the particles 
from the above equation (5) it follows that: 


Vy = My srs 


from equation 2: 


Hence: 


the fraction of the total volume occupied by soil particles 


Bas 
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Total porosity 


Sy = 100 (1 - D4) 
D 
p 
= 100 (D. - Dd.) ses: 
p 


A value of 2.65 gm cm”? is generally assumed for the particle density 
Of mineral soils. 

Air-filled pore space gives an indication of the amount of total 
pore space filled by a gaseous as opposed to a liquid medium, and is 
found by subtraction of the water content on a volume basis from the 
total porosity: 


Air filled pore space S5 = Sy - a see! 


4.3.4 Soil Microtopography 
As it was often not feasible to level the line from which mea- 
Surements were made in the field, all values were subsequently trans- 
formed to a common horizontal base. To each measurement was added or 
subtracted a correction value, depending on whether the horizontal AB 
was above or below the measurement jine AC, (Fig. 4.1). If position 
A is assigned the Xo value on line AC, then X12 Xoo eee Xp follow at 
10 cm intervals, and the correction value for the nth position is 
10n sin a, where a is the angle BAC. When corrected to a horizontal 
base therefore, the original measurement Xn becomes (x, + 10n sin a). 
The corrected values can be used to calculate the variance for 
each transect, which is a measure of the soil microtopography across 


the trail. 
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Figure 4.1 


Soil microtopography 


a. Field measurement 


vertical distance measurements 


measurement line 





surface of path 


width of path 


b. Correction of field measurement to horizontal base 








~— Mag i Hite a 





CHAPTER V 
RESULTS 
5.1 Introduction 

This chapter presents the results of field and laboratory analyses. 
It is divided into two main sections: the results for each variable 
studied are considered first followed by the statistical treatments of 
correlation and regression analysis. The first section (results of 
individual variables) is divided into three parts for each variable: 

a discussion of the limitations of the method used, a tabular and 
graphic presentation of results, and a consideration of the possible 
effects of that variable on plant growth. 

The data for the transects are considered in two ways. First, the 
trends across individual transects are described as a series of 
cross-sections of the trail. The results are then examined in five 
zones parallel to the trail, by using the mean of each zone to obtain 
an “average' transect. The problem is to reduce a mass of data in 
such a way that any trend may be readily recognisable, while still 
acknowledging the inherent variability of soil and plant material. 

It is possible to plot all the variables determined for one transect, 
and an example is given of this (Figure 5.1). An interpretation of 

the individual transects could be attempted in this way. However, it 
is more useful to examine general trends rather than specific examples; 
the latter may be of use in accounting for deviations from the general 
pattern. A major probiem with the vegetation analysis was to transform 


the path width so that transects would be comparable. This is dis- 
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Figure 5.1 


Vegetation and soils on transect | of trail A 


Poa interior 
Piantago major 
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Hedysarum alpinum 


Percentage of bare ground 
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Trail width m 


Soil microtopography cm 
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Air-filled pore space % 
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cussed in more detail in the section on vegetation. 

Soil texture was not analysed as field observations indicated no 
obvious textural change along the length of the path, or between the 
path and its surrounds, which were mainly sandy clay loams. Certain 
SOil properties vary with texture, but the reiationships are not 
sufficiently specific for texture to be used as a guide to them. 

Removal of vegetation by trampling exposes the soil to increasing 
compaction by rainfall as well as additional compactive treading 
force These processes have a detrimental effect on soil aggregate 
Stability. Water-stable aggregate formation is related to the nature 
of the organic and clay colloid fractions of the soil, and a high 
aggregate stability is coupled with a resistance to erosion (Black, 
1957). The breakdown of soil aggregate by rainfall released the fine 
soil particles, which are filtered out of the water as it enters the soil 
and block off the large non-capillary pores. These large pores control 
the infiltration rate and soil aeration. Their closure by the fine 
particles thereby reduces infiltration, and runoff and erosion are 
increased. 

Only trail A was examined in great detail, although there are 
various measurements recorded on trails B and C. A plan of trail A 
(Figure 5.2) shows the location of the twenty detailed transects, 
and Plates 5.1-5.10 illustrate the general site conditions as well 
as specific points of interest. 

The five sampling points representing the five trail zones are 
referred to and appear in the tables as the following initials: trail 
Av~SNN/2yGes/ do oeutral | Ge- WoW/2,C,6/ 2.6. Pin both cases |G. “reners 
to the centre of the trail. As trail A runs approximately east-west, the 


sides of the path are north and south. The edges of the path are 
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PlatesS.|siiransect 1, tratlvA, looking west. July, 1971. 


Plate 5.2 Transect 2, trail A, looking south-west. 
Note steep shady bank on left of photograph. Sandy 
mound on right is material washed down from bank and 


supports mainly Taraxacum officinale. July, 1971. 
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Plate 5.3 

Transect 20, trail A 
looking west. Note 
washout on path behind 
transect line. July, 


1971. 


Plate 5.4 

Close-up of washout by 
transect 20.) trail A. 
Note snow accumulation 


in hollow. April, 1971. 
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Plate 5.5 Transect 16, trail A, looking west. Slope has an 
eastern aspect. There are desiccation cracks on the path and 
the rut in the centre was made by a trail bike under moist soil 
conditions. Note growth of Phlewn pratense on south (left) side 


of path. July, 1971. 


Plate 5.6 Transect 18, trail A, looking west. Note desiccation 
cracks on path and variable shading. Trifoliwn repens has 


estabiished on south (left) edge of path only. July, 1971. 
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Plate 5.7. Transect 19, trail A, looking west. Slope has 
western aspect; note shading on south (left) side. Rut 


in path made by trail bike. July, 1971. 


Piate 5.8 Photograph taken 
below Transect 19, trail A, 
looking upslope in an easterly 
direction. Moose (Alces 
alees) droppings in the fore- 
ground indicate that the trai! 
is used by wildlife probably 
to a greater extent in winter 
than in .the tourist seasons. 


April, 1971. 
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Plate 5.9 Transect 15, trail A, eastern aspect and looking 
west to transects 17 and 1. Rut caused by trail bikes. 


July, 1971. 


Plate 5.10 Looking east 
towards transects 16 and 18, 


TratieAvdeAprid,c197dk 








+ 289 
Sl bee 3 


PRE: Ate Ae LGTY 


MIE HOO | a i wy ic Se - WT ox, at ; Pe oa 









i 
* ‘ fA ¢ 
i oe ‘ a 1G ina “aie ; 
s / 
Py ay Seer 
‘ 
sa “e 
: “a 
\ 
? + - 
$ 
rl ‘te * 
Fis " 
a . 
“ah 4 as .« * * 
a¥ ¥ 
-, » , g 
afd. Me . 
yt 


‘ oe 

aatsdoo! bas foones aveteas oA. (ht? iat -fooenerT .€.¢ otet4 

oattd (favt vc bwenso ff .7 Dow TT Dioeege oF teow : 
Peer ett 


[sqdosgeays alerawor . oe ae ae ta 


62 

therefore designated as the appropriate direction with the addition 
of '/2' as they are the potnt of 50% bare ground. The edge of the path 
on the north side therefore is written as N/2, and that of the south 
Side as S/2. The north and south ends of the transect are distinguished 
by the direction initial only; the north end appears as N, and the 
south end as S. The zones of trail C are named in a similar manner, 
but as this trail runs north-south the zones are labelled with east 
and west initials. 

The majority of species were identified in the field; verification 
and identification of the remainder was done by Miss M. Dumais at 
the University of Alberta Herbarium. 
5.2 Results 
bees) pOul Acidity 
i. Limitations of the method 

The influence of different soil:water ratios on the measured pH has 
been discussed in an earlier section (Chapter Ivy). The length of time 
that the sample is kept also affects the measurement, although in which 
direction is not clear. Bowser and Leat (1958) recorded the change in 
pH of a grey wooded soil from two aspen sites in Alberta, after it had 
been air-dried and stored for three months. Using a 1:1 soil paste 
they found that samples from one site dropped from 0.5 pH units in the 
Ag horizon to 0.2 units in the B, horizon; however, an entirely 
opposite trend was observed for the other site. Furthermore, they 
monitored soil pH over a period of time and found fluctuations of nearly 
2.0 pH units over the growing season. They attributed these fluctuations 
to variations in the temperature and moisture regime, and suggested 
a connection with microbiological activity. 


The results of this study must be viewed in the light of the above, 
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as the samples were not only collected over a period of several weeks, 
but also stored for several months. In addition, only smail differences 
in pH were found. Data from trail C may be regarded with more confidence 
as they were collected over a shorter period at the end of the field 
season, so that the storage time was less. 
Ti. Results 

The general anmaeste was that there would be a difference in pH 
between the trail and its undisturbed surrounds. The Cypress Hills 
area does not receive a great amount of rainfall (ChapterII), so the 
base saturation may be expected to be fairly high. If the trail is 
compacted, a high runoff ts predicted along with low infiltration and 
leaching, and a resultant low opportunity for hydrogen ions to replace 
metal ions on the exchange complex. In addition, vegetation on the 
trail is severely reduced and hence the accumulation of hydrogen jons 
associated with the removal of bases by plants will also be low. 
For these reasons it was postulated that a nigher than normal pH 
would be found associated with the trail. 

The pH of 125 soil samples from trails A and C was measured 
(Table 5.1) and the data indicate that there is a tendency for a 
Slight increase in pH at the centre of the trail. 

Twelve out of 20 (60%) of the transects on trail A had a higher 
pH at the centre of the trail than that found at either the north or 
south end of the transect. The pH in the centre was always higher 
than at least one end of the transect; as the transect ends represent 
an undisturbed condition, it follows that the disturbance in the centre 
of the path has given rise to a higher pH. 

The change in pH was considered from path centre to path edge, and 


then to the undisturbed area. On the north side of the trail, the pH 
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TABLE 5.1 - MEASURED pH OF SOIL SAMPLES, TRAIL A 
N/2 
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at the path edge was found to be less than those found at the centre 
and in the undisturbed area on as many occasions (four, or 20%) as 

it was found to be greater. On the south side of the trail however, 
there was a greater incidence of higher pH at the path edge; lower 

pH was recorded for only one transect, compared to five where the pH 
at the edge was greater than both the pH at the centre and in the 
undisturbed area. When the pH at the centre of the path is compared to 
the path edges, it is seen that there are more than twice as many 
transects (nine or 45%) having a greater pH than both edges, than 
there are transects having a pH lower than both edges (four or 20%). 
This comparison of path centre to path edge indicates that, although 
the individual transects vary, there is an overall trend to increased 
DH in the path centre, and on occasions an increase at the path edge 
on the south side. 

The mean pH for each path zone is shown graphically in Figure 
9.3a, and also in Table 5.1. The values for the north side of the 
trail have a narrower range than those for the south side. The standard 
deviation of each zone shows that the north edge of the path has the 
set of values most clustered about the mean, and the north transect 
end has the next lowest standard deviation. The centre, south edge, 
and south end of the transect all have more widespread distributions. 
The increase in pH at the centre of the trail is clearly shown, 
although much smaller differences are found on the north side of the 
trail than are found on the south side. 

The first four transects of trail C show an increase in pH towards 
the centre, although the fifth one follows a less regular pattern 
(Table 5.2). The differences across this path are more pronounced than 


those encountered on trail A, the latter site having an overall lower 
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TABLES. 2e— MEASURED PH Or SOIL SAMPLES, TRAIL C 


braid yc 
Transect 
Number W W/2 C Bie E 
] 7.4 Sgae | 7.8 7.8 725 
2 126 7.9 Cell Teal flo! 
3 7a jee 7.8 7.6 Je4 
4 6e7 7.1 ee 6F7 One 
5 6.0 5.8 6.0 5.7 5.9 
Mean ee) FEZ 7.4 Weal 6.9 
Range Oe0=/26 8558-759 670-8 al “5 0/=7. 8755 29=7.5 
Variance OMoS Or52 0.60 0265 0.46 
Standard Deviation 0.58 OFZ O27 0.80 0.68 


TABLE 5.3 - BULK DENSITY DETERMINED FROM SOIL CORES (Db), TRAIL C 
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Transect 
Number W W/2 G E/2 E 
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5 1.04 ihe she 1.29 120 0.60 
Mean 0.97 ele le 52 (gai! 0.89 
Range 0.60-1.30 1.03-1.47 1.29-1.64 0.73-1.33 0.60-1.10 
Variance 0.05 O302 0.02 0.04 0.05 


Standard Deviation Oe22 0.15 0.13 0.21 Oras 
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pH. The mean pH for the zones of trail C are shown graphically in 
Figure 5.3a, the greater rate of decrease of pH away from the centre 
of the path being found on the east side. 
iii. Effects of pH on plant growth 

The data confirm that there is a tendency for pH to increase toward 
the centre of the trail. The effects of varying degrees of soil 
acidity on the growth of plants are fourfold. 
a. Toxic substances. Toxic acids may accumulate in low pH environments. 
More important to the higher pH that is found along the centre of 
trails, is the solubility of aluminium. Aluminium is found as a 
cation at pH 4.8 - 5.0 and may complex with phosphorus; it is precipi- 
tated as the hydroxide between pH 4.8 - 5.0 and 7.5 - 8.0. At a pH 
greater than 7.5, which occurs on several occasions on the trail, it 
again becomes soluble in the form of aluminate ions. It is improbable 
that this anion can enter the root, as it would be precipitated as 
the hydroxide in the acidic environment of the rhizosphere; it must 
therefore be mobilised and absorbed, or chelated before entering the 
root (Jones, 1961). Although not toxic at high pH, aluminium interacts 
with phosphorus and thus may cause phosphorus deficiency in the plant. 
b. Nutrient availability. The effects on nutrient availability are 
more related to high rather than low soil acidity; non-specific effects 
are the inhibition of root growth, and therefore nutrient and water 
uptake, in acidic environments. Specific actions are competition for 
uptake between hydrogen ions and exchange cations. 

An interesting observation is that the changes caused by human 
pressure in species composition of chalk grassland are the same as 
would occur with increased soil phosphate: Festuca ovina’ and calcicole 


grassesS+>Lolium perenne dominated sward->Loltwn perenne-Cynosurus 


1. A list of common names is given in Appendix A. 
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eristatus mixture-> bare soil (Streeter, 1969). The mechanism by which 
trampling changes the nutrtent status of the soil is not understood, 
but soil acidity may provide a quick indication of change. Burden 
(1969) also found a slight decrease in soil acidity on a trail comparable 
with the present study. 

c. Microbial activity. This activity affects organic matter decomposition 
and nitrogen mineralisation. There are insufficient detailed studies 
relating pH to the effectiveness of microbial action. 
d. Different species. Again little is known about the mechanism by 
which soil acidity affects the growth of different species. The 
Species response to a particular level of soil acidity is often a 
reaction not to soil acidity per se, but to changes it has promoted 
in nutrient status. 
5.2.2 Organic Carbon 
i. Limitations of the method 

The method used, dry combustion and gasometric analysis, was 
quick and accurate; the most time-consuming part of the analysis was 
grinding the samples to pass a 100-mesh sieve. Once the sieving had 
been completed, each sample took only five minutes for combustion and 
measurement of the volume change after absorption. Fifteen samples 
were duplicated to check the equipment, but differences in results 
were negligible. This method is therefore to be recommended over the 
chemical wet oxidation methods, particularly as the sample has to be 
sieved before analysis whichever method is chosen. However, this 
method does call for specialised equipment which is not as readily 
available as the simple glassware required for chemical analysis. 
ii. Results 


Soil sampies from trail A only were analysed. None of these 
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70 
samples reacted with hydrochloric acid and so it was assumed that 
no inorganic carbon in the form of carbonates was present. Organic 
carbon content was therefore taken to be the total carbon content. 
One hundred samples were analysed and the results are shown for the 
five sampling zones in each transect (Table 5.4). Samples from the 
centre of the trail were expected to show lower percentages than 
those taken elsewhere, because of the lack of vegetation and input 
from plant litter. 

The overall tendency is for a decrease in organic carbon in the 
centre of the trail compared to the undisturbed zones on either side. 
Fifteen transects (75%) showed this expected trend. Of the remaining 
five transects, two showed an inverse relationship, the central carbon 
percentage being higher than those at either end of the transect. 
These two transects (A3 and A4) were sited on a wide section of the 
path, and in addition there was a steep bank on the south side. 

The method used for defining the path centre and edges may cause some 
anomalous results, but is hardly likely to account for differences 

of this magnitude. The edges of the path also have a higher organic 
carbon content, and it is suggested that organic material may be 

washed down from the bank and contribute to increasing soil organic 
carbon on the path. The remaining three transects show a decrease 

in carbon content from the transect end on the north side to the centre, 
and then from the centre to the transect end on the south side. 

The edges of the path are of particular interest. In nine trans- 
ects (45%), a steady decrease in organic carbon content is found: from 
the outer end of the transect on the north side, across the path edge, 
to the centre of: the path. In only one case was the carbon content at 


the path edge less than both the centre and the outer end of the transect. 
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TABLE 5.4 - PERCENTAGE OF ORGANIC CARBON IN SOIL SAMPLES, TRAIL A 


Trail A 
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The remaining ten transects (50%) showed an increase in the path edge 
over the path centre and outer end of the transect. Correspondingly, in 
six cases (30%) a steady decrease in organic carbon content was found 
from the south end of the transect, across the path edge, to the path 
centre. For eight transects (40%) the path edge was higher in organic 
carbon than either the transect end or the path centre; for six transects 
(30%) it had a lower content. These data indicate that carbon content 
was increased at the path edge, on either north or south side of the 
centre equally, on approximately half of the possible occasions, whereas 
it was decreased with greater frequency on the south side of the path. 
No explanation for these proportions was found in other variables assoc- 
jated with the transects, such as whether the path had a transverse slope 
in the same plane or counter to the overall hillslope. 

If the trail is considered as a set of parallel zones, the mean 
percentages of organic carbon content for each zone may be compared 
(Figure 5.3b). This reveals the overall pattern of organic sete 
content as a gradual decrease towards the centre of the trail, 
although all zones are within the low (2-4%) organic carbon range. 
Displaying the mean percentages in a graphic form however fails to 
convey the variability within each zone. This is remedied in Table 
5.4, wnich gives the range, variance and standard deviation in 
addition to the mean percentage of each zone. This shows that the 
ranges are decreased towards the centre and that there are carbon 
percentages in the medium content range (4-10%) in all groups. The 
standard deviation is a measure of the clustering of values; the south 
edge and centre of the path show the greatest uniformity of values, 
whereas the north end of the transect has the most widespread 


distribution of observations. 
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iii. Effects of organic carbon on plant growth. 

The organic colloid fraction is a site of exchangeable ions 
and a source for the replenishment of bases to the soil solution. 
It is therefore of primary importance in supplying nutrients for 
plant growth, supplementing the clay fraction which also has exchange 
Sites. The major exchangeable bases are calcium, magnesium, sodium 
and potassium, which are initially released by the weathering of 
primary minerals. Hydrogen may replace these metal ions during leaching. 
The exchange cations therefore depend upon the base status of the parent 
material, the degree of leaching and the nature of the organic cycle 
(lack /)e 

In addition to its role in ion-exchange, organic matter has 
an effect upon the physical structure of the soil. Its density is 
less than that of the mineral particles, and so tends to decrease the 
overall density (Vomocil, 1965). The well-developed crumb structure 
of brown earths with good drainage and soil aeration, may be contrasted 
in this respect with the blocky or platey structure developing in the 
low-organic horizons of podsols. 
5.2.3 Bulk Density and Related Variables 

The variables included in this section are grouped together as 
they were based on the core samples collected. Any sampling error 
is therefore reflected in each set of results, and need only be discussed 
once. 
j. Limitations of the method. 

The method of collecting a known-volume sample by coring was 
not satisfactory, although in cooler and more humid seasons it 
might be expected to operate more adequately. By mid-summer the 


centre of the trail had become hard and dry, and it was impossible to 
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take a core without causing disturbance sufficient to affect the 
accuracy of the sample. In many cases the soil had a granular 
Structure below the dense surface layer and problems arose in digging 
out the corer without losing any of the soil. There is therefore a 
disappointing lack of data for the centre of trail A, and some doubt 
about the accuracy of the results. Although mean central values are 
Shown, it is emphasised that they do not compare with edge and 
Outer values for two reasons: firstly, the mean central value is 
based on relatively few samples, and secondly, the data are heavily 
biased. The mean central bulk density would probably have been increased 
had it been possible to take samples on what appeared to be the most 
compacted sites. Some data from the rest of the set are also missing 
and the tables indicate whether they were selected or random samples. 
A complete set of data was obtained for trail C because the lower 
clay content prevented the path from baking to the same degree of 
hardness. | 

The excavation method of finding bulk density might have proved 
less prone to error under these field conditions. Despite the dis- 
advantages outlined in the previous chapter, it would have been worth- 
while to test it in the field along with the core method. 
ii. Results 
a. Bulk density. Tables5.3,5 shows the bulk density of samples from 
trails A and C. The results are not discussed in great detail because 
of their unreliable nature. An increase in bulk density from the outer 
end of the transect to the path edge was observed in 11 out of 16 (62%) 
cases'on the north side of the path, and 11 out of 13 (85%) on the 
south side. The mean zone bulk densities indicate an increase towards 


TheBcentre ot the tralle( Figure 5.44). For trails this is likely to 
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be greater than is indicated by the broken line, for reasons already 
discussed in section 5.2.3i. Trail C shows this increase more clearly. 
The centre of trail C has the narrowest range of bulk densities and 
also the smallest standard deviation. 

b. Water content. Water content was calculated both on an oven-dry 
basis and on a volume basis. The oven-dry value is independent of 
sampling errors, as it is based on the weight of uncombined water in 
the weighed sample. The volume-based water content however is 

affected by sampling errors, as the weight of water in the sample is 
related to the sample volume. 

The samples were collected over a period of three weeks, and 
are therefore of greater use within cross sections rather than zone 
means, although both are considered. 

Table 5.6 shows water content on an oven-dry basis. In most 
transects on trail A there is a decrease in water content towards 
the centre. This is reflected in the mean values for the zones shown 
in Figure 5.4b. There is an even more marked decrease for trail C. 
The lowest water content of transect C5 is the western edge of the 
path, and this coincides with the highest bulk density for that 
transect. (Table 5.7). 

The water content on a volume basis (Tab165.8,9) shows a slightly 
different picture. Here the volume of water is expressed as a per- 
centage of the total volume of the sample. For trail A, there appears 
to be a slight increase in volume percentage of water from the ends of 
the transect to the path edge. This is not found on trail C, where 
there is a steady decrease to the centre of the trail. If compaction 
leads to an increase in bulk density and a reduction in total pore space, 


then water content on a dry-weight basis may be reduced, even though it 
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TABLE 5.7 - WATER CONTENT ON AN OVEN-DRY 
WEIGHT BASIS (Pw), TRAIL C 





Trail C 
Transect 
Number We W/2 C ye E 
] 17.9 9.3 sian! 9.1 16.0 
2 Vise 5e9 4.0 AR] 1324 
3 Cond 10.8 71.5 5.5 se 
4 Chew, 8} eG ty! Zar 23.9 
5 Ve, ge ees Kobe) 28.4 
Mean lie 9.1 6.9 1120 18.5 
Range eo CO. Oe oeo=leOe Ge4—-liee. 8457-2582 ie 0-28.4 
Variance 42.50 4.16 8.93 55.25 43.32 
Standard Deviation 6.52 2.04 2.99 E45 6.58 
TABLE 5.8 - WATER CONTENT ON A VOLUME 
BASIS (Pv), TRAIL C 
Trail C 
Transect 
Number W W/2 C E/2 E 
] 18.08 12.06 5.66 12.05 16.96 
2 9.45 8.66 6.40 5.79 14.76 
3 20.06 ae ans austen 11.74 
4 15.16 11.90 11.49 18.40 14.59 
5 13.26 10.78 Tov ly 2236 17.06 
Mean 15.20 nye) VOELT ld O28 15.02 
Range 9.45-20.06 8.66-14.12 5.66-15.17 5.79-18.40 11.74-17.06 
Variance 13.74 ca ks lige03 20.99 Sic 
Standard Deviation chrdll lve 3.61 4.58. 1.94 


% water in total pore vol. 23.9 22.5 24.0 19, 6ae eno 
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occupies a greater percentage of the available pore space. 
The percentage of pore space Occupied by the volume of water is 
also given in Tables5.8,9. Trail A shows increases in the path edges 


(Figure 5.5a) over transect ends, but a decrease in the centre. Trail C 


on the other hand shows decreases at the path ends, and an increase in 
the centre. A possible explanation for trail A is that compaction has 
reduced the large-pore volume to a greater extent than capillary pore 
Space has been affected. Although the total pore space is thereby 
reduced, the proportion capable of retaining water is increased. The 
path centre however has become very compacted and a breakdown of 
aggregate structure has released the fine particles which are an 
integral part of the pore system, so that relatively less water can be 
retained. The soils of trail C were of a coarser Cex Lupe smd ett s 
possible that compaction under these conditions has increased the ability 
to retain water. 

c. Total porosity. Total porosity represents the percentage volume of 
the sample not occupied by soil solids. Data for trails A and C are 
Shown in Tables 5.10,11 and the mean values in Figure 5.5b. This variable 
is calculated directly from the bulk density using a standard value for 
particle density. As its distribution is therefore the same as that of 
bulk density, it will not be commented on beyond the statement that 
porosity decreases towards the centre of the trail. 

d. Air-filled pore space. This is the amount of pore space filled by 
air as opposed to water, and is shown in Tables 5.12,13. It appears in 
Figure 5.5b as a fraction of the total porosity. Its percentage volume 
of total pore space is the remaining percentage up to 100% on the 'per- 


centage volume of water' graph, Figure 5.5a. 
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TABLE 5.11 - TOTAL POROSITY DETERMINED FROM 
SOLES CORES s0St), TRAIL C 


i 
i 


Trail C 


SN 


Transect 
Number W W/2 C EZ E 
] 61.9 50.9 Bon | 49.8 60.0 
Z 50.9 44.5 40.4 Slee 58.5 
3 66.4 50.6 38.9 55.5 59.6 
4 TE 61) 43.8 72.4 7720 
5 60.7 47.9 51.3 54e7 TIE4 
Mean 63.5 ote) 42.5 ae 66.5 
Range 5059-77.4 (44.5-61.1 38.1-51.3 49.8-72.4° 58.5-77.4 
Variance sles 30.82 23.26 62.44 76.26 
Standard Deviation 8.58 5g 05 4.82 7.90 S573 





TABLE 5.12 - AIR-FILLED PORE SPACE DETERMINED 
FROM SOIL CORES (Sa), TRAIL C 





aie 
Transect 
Number W W/2 C E/2 E 
] 43.8 38.9 374 Se! 43.0 
2 41.5 35.9 34.0 4734 43.7 
3 46.3 Son 2oed 49.0 47.9 
4 62.2 49.2 Sia 54.0 62.4 
5 47.5 ofl She) 42.4 60.3 
Mean 48.3 39.5 O2ec 46.1 5185 
Range 4].5-62.2 35.9-49.2 26.7-36.1 37.8-54.0 43.0-62.4 
Variance 52.84 24.61 9.73 Sls 68.18 


Standard Deviation Veh 4.96 | orle 5.60 8.26 
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iii. Effects of bulk density and related variables on plant growth 

Raney et al. (1955) recognise two kinds of compaction: induced 
compaction is caused by a recently applied compacting force such as 
trampling, and genetic or natural compaction, which, as its name 
Suggests is appliedto naturally occurring phenomena such as clay or 
iron hardpans. Induced compaction, which is considered in this Study, 
is generally restricted to the surface layers of the soil, whereas 
natural compaction may occur anywhere in the soil profile. Both 
forms of compaction, and hence increased bulk density, may affect 
plant growth. 

The effects of soil compaction on plant growth are both direct 
and indirect. A compacted layer has a direct effect on root penetration, 
whilst the soil aeration and moisture status are indirectly affected. 
Mechanical impedance to root growth was found by Raney et al. (1955) 
to occur in finer-textured soils when the bulk density exceeds about 
1.4, and in coarser soils when it is greater than about 1.6. A 
similar study showed that root penetration was prevented at bulk 
densities of 1.75 for sand and 1.46 - 1.62 for clays (Veihmeyer and 
Hendrickson, 1948). The effects of mechanical impedance are not easy 
to demonstrate in the absence of indirect effects, but are indicated by 
a study which provided for controlled aeration (Tackett and Pearson, 
1964). The water content was held constant at a particular matric 
suction, and as the bulk density was increased above 1.3 it was found 
that a higher oxygen percentage in the soil atmosphere was required to 
obtain maximum root growth. Although oxygen was not limited and the 
water content was sufficient for good plant growth, a decrease in root 
penetration was observed with an increase in bulk density. This was 


apparently caused by the resistance to displacement of the soil particles. 
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The nature of the soil atmosphere also affects plant growth and 
a reduction in oxygen availability has been suggested as contributing 
to poor root growth in compacted soils (Gill and Miller, 1956). 

A concurrent increase in carbon dioxide reduces the uptake of mineral 
salts and water by roots. Decreased water uptake, and consequent 
moisture stress in the plant, may also result from a reduction in the 
root growth rate. Water is taken into the root primarily through 

the root hair zone and the zone of cell enlargement, and these come 
into contact with the soil water through root growth. 

The moisture content of the soil is affected by bulk density 
changes. Runoff is increased and infiltration reduced in compacted 
soiis. Lutz (1945) found that the infiltration time required for 
one litre of water was 20 minutes on trampled sand as opposed to three 
minutes on untrampled sand. An even greater difference was found for 
a sandy loam, the trampled soil requiring 86 minutes and the untrampled 
soil only four minutes. In addition to a reduction in the amount of 
water penetrating the surface soil, the capacity to retain moisture is 
altered. A certain amount of compaction of the soil may prove beneficial 
to plant growth if it results in improved moisture retention (Hyder and 
Sneva, 1956). It is suggested that this is effected by a reduction in 
large pore space rather than a destruction of aggregates. However, 
this conclusion was based on a range land study involving bulk densities 
of 1.05 - 1.21. These are low values compared with those found in a 
channelled treading situation where bulk densities of 1.5 - 1.8 are 
not uncommon. . 

One of the management problems currently receiving attention is 
that of revegetating recreation sites. The success of reseeding will 


be affected by degree of scil compaction. Germination and seedling 
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establishment are phases in the life cycle of a plant when it is yery 
vulnerable to environmental conditions. Germination is initiated by 
imbibition of water, which increases the permeability of the seed 
coat to oxygen and carbon dioxide, and activates the enzyme systems. The 
availability of water is hence of prime importance. A major factor 
in germination is thought to be the matric potential, by influencing 
the water uptake and the wetted area of contact between the seed and 
soil (Collis-George and Hector, 1966). Given reasonable conditions 
for germination in terms of light, oxygen, temperature and moisture, 
the effect of compaction may be more limiting to growth when the 
seedling has become independent cf food stores (in the endosperm or 
cotyledons) and photosynthesis alone has to meet its energy requirements. 

A simple germination experiment, which examined the performance of 
seeds on soils of different compaction, was conducted as part of this 
Study. Seeds of Festuca rubra and Poa pratensis from a commercial source, 
and locally-gathered Plantago major were sown on greenhouse soil. The 
Soil was compacted to bulk densities of 1.25, 1.50 and 1.75 in three 
greenhouse flats, which were placed in a shallow try of water. Approxi- 
mately 10 days after sowing, the greatest percentage of germination was 
on the most compacted soil and probably resulted from an increase in avail- 
able water, although the seedlings were markedly smallerthan those grown on 
the least compacted soil. By the 18th day the roots cf the grass 
seedlings on the most compacted soil had extended over the soil surface 
and the root hairs were beginning to turn brown. All species on the 
compacted soil showed a reduction in growth and vigour. At the 
end of the experimental period (8 weeks) Festuca rubra and Poa 
pratensis on the least compacted soil nad grown to BrOroeimatery 


twice the heignt of those on bulk densities of 1.50 and 1.75. Those 
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on the most compacted soil had experienced greater seedling mortality 

in addition to a reduction in growth; there was also a marked browning 
of the tips and edges of the leaf blades. Plantago major appeared to 

be less affected than the grasses by the different degrees of compaction. 
An increase in compaction therefore appears to favour rapid germination 
but is detrimental to subsequent seedling success. 

The effect of compaction on plant growth may vary from beneficial 
to prohibitive. The individual variables concerned are difficult .to 
isolate because of their inter-dependence. The overall effect of 
the degree of compaction common to recreation sites is detrimental to 
the re-establishment of plant cover. 

Bc. 4501 | Microtopography 
i. Limitations of the method 

All vertical measurements were corrected to a horizontal base 
as described. The variance for the corrected set of measurements for 
each transect was calculated and is shown in the ‘total variance! 
column of Table 5.14. This total variance has two components, the slope 
factor and the microtopographical, or roughness, factor. The slope 
factor is the variance that arises if the end vertical measurements of 
the soil microtopography transect are not equal, i.e. one edge of the 
path is lower than the other. The roughness factor is the difference 
between the total and slope variances caused by the departure of the 
soil surface from a plane surface. 

The slope factor or slope variance is proportional to the width 
of the path and the slope of the line joining the two ends of the transect 
at ground level. It is calculated as follows. First the distance XY 
(Figure 5.6a) is found. This is the horizontal width of the path, where 


X and Z are the ends of the microtopography transect. Figure 4.1b also 
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Figure 5.6 


Soil microtopographical variance 


a. Calculation of variance 





XZ:ends of microtopography transect 
XWZ:soil surface 


48. :slope of XY 


b. Relationship between slope, path width and slope factor 


Slope factors are shown inside the grid 
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9] 
shows X,Y,Z, and from this it is seen that XY = AB. AB is easily 
calculated as AC and o, the slope of the transect line, are known. 
Therefore, XY = AC x Cosine ®. YZ, the difference in height at 
ground level of the ends of the transect, is the difference in the 
end vertical measurements corrected to the horizontal base, i.e. 

YZ = BZ - AX. Angle ZXY (8) may now be calculated using tangent 8 
=PY2/ XY = BA -AX/AC#Cos ©. 

It was determined that the square root of the slope factor was 
proportional to the angle 8(in degrees) and the number of vertical 
measurements: 

B x no. vertical measurements < 
Slope factor = 20 
If slope is held constant therefore, increasing the length of the 
transect increases the slope factor. Similarly, with constant width, 
an increase in slope increases the slope factor. The relationship 
between slope, width, and slope factor is shown in Figure 5.6b. 

Total variance (sé) is represented in Figure 5.6a by the area 
enclosed by WXYZ. The slope factor (s¢) as defined and calculated 
is represented by the area XYZ. The remaining area WXZ therefore 


represents the roughness factor (s¢) caused by the departure of soil 
2 2 2 


surface XWZ from the straight line XZ, and SHS S. + Sm If the two 
ends of the transect are level there is no slope factor, i.e. = = 0, 
and ee = of Similarly if the path surface is a smooth plane between 


the two ends, there is no roughness factor, i.e. =a = 0, and eS = oe 


Although the condition of zero slope occurs in the field, that of 
zero roughness does not. 
ii. Results 


Table 5.14 shows the total variance, slope factor and roughness 
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TABLE 5.14 - SOIL MICROTOPOGRAPHY ON 
TRAILS A, B, AND C 





RS 


Trail A Trail B 
Transect Total Slope Roughness Total Slope Roughness 
Number variance ToCtOYe ws Laccon variance factor factor 
] ie begs G3 ie. thats) ts) 1.0 
2 10.4 AZ bee 1.8 es 133 
3 519.0 541.6 -22.6* kas Lae -0.6* 
4 [ben // (anes) 4.4 SiH) 0.6 3.1 
5 10.2 Oey, B25 4.5 0.1 4.4 
6 1925 (bee 16.5 5.6 235 Sac 
7 (epdcte' lise rad boxed teed | 0.0 et) 
8 49.7 OFZ 49.5 2a Oni 250 
9 24.6 0.1 24.09 - - - 
10 54.1 a) 52S Cn Oy, rae 
11 Gee Gis beg jae) 0.0 2s 
12 8.0 een aia aS 0.0 es 
13 Sheil div6) -0.4* 0.8 Oe2 0.6 
14 1.4 Om 1] oa 0.4 1.9 
15 wi.4 4.4 720 Sme 0.0 are 
16 1453 W274 Za alt! Oz 5.2 
iu 19.1 9.3 9.8 Ge SHY Sin 
18 1 5 0.0 1.5 6.0 G50 6.0 
19 Tao Shp) (hopes one. 050 Lae. 
20 22 1s © 13.9 Swe 2.6 0.6 
Trail C 
Transect Total Slope Roughness 
Number variance factor. factor 

] 20.2 083 19.9 

Zz 4.4 Lee a 

® Shall 0.9 Daal 

4 9.3 PeO 8.3 

5 28.9 0.0 28.9 


* see Appendix B for a discussion of negative values 
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factor, the last being obtained by the subtraction of the slope factor 
from the total variance. The roughness factor is the mean-square about 
the mean observation and therefore increases as the distribution of 
observations becomes more widely spread. There are roughness factors 
ranging from 70.8 (A19) to 0.6 (B13, B20). The data for the three 
trails were ranked and put into the following groups: very high (>45), 
high (45-15), medium (5-15), and low (<5). These groups were chosen 
on the basis of the spread of the data and are shown in Table 5.15. 

Having seen that there are differences in microtopographical 
variance at points along the trail, the next step is to determine 
whether there are other characteristics common to the soil roughness 
groups. Itis suggested that the roughness factor is related to: 

a. width of the trail 

b. slope across the trail (transverse slope) 

c. slope parallel to the length of the trail (longitudinal slope) 

d. aspect and vegetation. | 
The inclusion of (c) introduces an extra spatial dimension. The 
roughness factor covers two dimensions, those of a vertical plane 
perpendicular to the length of the trail. Although microtopography is 
conveniently described at a particular point in this manner, its 
development must be considered in three dimensions. A fourth dimension, 
not discussed here, is that of time which is also instrumental in the 
development of the microtopography. The four contributory factors 
described above are discussed individually: 
a. Trail width. A plot of roughness factor against trail width for 
all transects is shown in Figure B.1, Appendix B. There is no immediately 
obvious pattern except that trails with the highest roughness factors 


appear to be of medium width (100-140 cms.), the range of width increasing 
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TABLE 5.15 - SOIL ROUGHNESS GROUPS, TRAIL A 


ee 
rr NESSES 


Trail A 
Transect Roughness Longitudinal Aspect 
Number Factor Angle 

High 19 70.8 1250; 265° 
roughness 8 49.5 ee deal 
factor 10 3c60 Gal0: 284° 
9 Zan Veron Zeay 

y ell Tae 265% 

6 16.5 2740) 269° 

Medium 20 13.9 3°00" 108° 
roughness ] 11.4 Ieee 955 
factor i 9.8 9°30' eves 
15 Th 8-30 124° 

2 6.2 27507 74° 

1] 5.9 caeun 292° 

12 Sele, 0s Som 

Low 4 4,4 3°30: 108° 
roughness 5 Sh5i8) 3°10' 108° 
factor 16 cel 4°Q' 105° 
18 Pas 4°0Q' 105. 

14 ia] 2° 10" 306° 

13 0.4 Be oUL 3055 
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as the roughness factor decreases. 

b. Transyerse slope. A plot of the square root of the slope factor 
against trail width is shown in Figure B.2, Appendix B. As transverse 
Slope is a function of trail width as well as the difference in height 
between the ends of the transect, the graphs for constant slope were 
also plotted. A comparison was then made between transects grouped 

in various ways according to slope (e.g. 0-1°, 1-2°, 2-3°, etc.) and 
the transects ranked according to the roughness factor. However, no 
link was found between the angle of transverse slope and the micro- 
topographical variance. 

The roughness factor plotted against slope factor shows a more 
promising relationship (Figure B.3, Appendix B). It appears that as 
the slope factor increases, the likelihood of finding a low roughness 
factor decreases. All high and very high roughness factors are found 
with slope factors less than 4 (with one exception), and all medium 
roughness factors with slope factors less than 10. 

Figure B.3 also shows the breakdown of slope factors into groups. 
Trail B has not been included as all values occur within the rectangle 
Tee the lower left corner of the graph and therefore do not have 
a sufficiently wide range of values. The first totals given are for 
trail A transects and the figures in parentheses are the totals for 
trail C. In the first category of a slope factor less than 4, there are 
more transects in the high roughness factor range than in either medium 
or low ranges. With a slope factor of 4-10, there are no transects 
with a high roughness factor, but there are four in the medium and one 
in the low range. Slope factors greater than 10 were associated with 
only two transects in the low roughness range. Although high slope fac- 


tors appear not to be associated with high roughness factors, low slope 
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factors are found with low, medium and high roughness factors. This 
suggests that slope factor is not the only discriminating factor in 
characterising trail roughness, an impression supported by evidence 

from trail B. On this trail all slope factors were in the low (<4) 
group. However, of nineteen roughness factors only two were out of the 
Tow (<5) group and both by small margins, their values being 5.2 

and 6.0. This clustering of values contrasts with the wider dis- 
tributions of trails A and C. The type of sites of the three trails 
Suggests that longitudinal slope may be responsible for these differences. 
Trail A, running parallel to the contours of the hillside, might be 
expected to have higher slope factors than trail B, on the level 

plateau, or trail C, running at right angles to the contours. 

c. Longitudinal slope. The longitudinal slopes are shown for each 
transect on trail A in Table 5.15. The first five transects in the 

high roughness range have similar slopes as they were on the same 
stretch of trail (see Figure 5.2). The sixth member of this group has 

a much lower slope. The middle roughness group is composed of transects 
with very high localised slopes (Al, Al7, Al5), and more shallowly 
‘Sloped sites. The group of low roughness factors all have longitudinal 
Slopes less than 4°. Steeper slopes are likely therefore to give rise 

to greater microtopographical variance than shallower slopes, and the 
departures from this general principle are likely to be accounted for 

by the influence of aspect on erosion rates. 

d. Aspect and vegetation. All transects in the high roughness group 
deviate only marginally from a direct west aspect (Table 5.15). Transects 
2-20 in the medium roughness group all have an easterly or south-easterly 
aspect. Transect 20 is thought to owe its high roughness variance to its 


proximity to a wash-out on the trail (Plates 5.3, 5.4). In addition to 
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the oyerall downslope movement of material, the lowered area has 

started to encroach upon the adjacent bare path, which is more susceptible 
to erosion than the areas stabilised by a ground cover. It is probable 
that All and Al2 occur in the medium roughness group because of their 
western exposure rather than the longitudinal slope. The first four 
transects in the low roughness group have longitudinal slopes equal 

to or greater than those of All and Al2, but this appears to be offset 

by their eastern aspect. Al3 and Al4 occur on sites with low slope 

at the start of @ concave stretch of slope. 

The section of trail with the eastern aspect is primarily open 
woodland. At the brow of the hill this gives way to an association of 
shrubs and grasses, which predominates on the eastern facing slopes. 
Western slopes are less protected by vegetation from rainfall and 
Snowmelt erosion than the eastern slopes and develop higher roughness factors. 
Summary of Results 

High microtopographical variance was found to be associated with 
a medium trail width (100-140 cm.), low slope factor (4°), high long- 
itudinal slope and a western aspect for this particular site. Of these, 
aspect appears to be more important than longitudinal slope. This is 
shown by transects in the medium roughness group, which, although having 
greater longitudinal slopes than those in the high roughness group, possess 
an eastern aspect. Slope factor may be used as a guide to determine which 
parts of the trail are likely to develop a high roughness variance, but 
the factors controlling this development seem to be aspect and long- 
jtudinal slope. 

iii. Effects of microtcpography on plant growth 
The primary effect of microtopography is the provision of a range 


of microenvironments across the trail (Harper fe Uae, 1965). 
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These offer a variety of microsites to germinating seeds, which 

are often highly specific in their requirements. At the present 
time however there are no methods available to measure these 
microsites at the appropriate scale and only a coarse measurement 
of microtopography can be made; this has been developed as the 
roughness factor in this study. This is a measure of the deviation 
of the path surface from a plane surface. The greater the roughness 
factor therefore, the greater would be the microenvironmental 
variability expected in terms of the slope and orientation of the path 
surface. If increasing the microenvironmental heterogeneity 

also increases the probability of successful seed germination, 

one might predict an increased plant cover. It then follows, as 

the path width was defined in terms of bare ground and hence plant 
cover, that the highest roughness factors would be found on the 
narrowest paths: the data showed that this is not necessarily 

stn and other factors must be considered. 

There are several contributory factors controlling the plant 
growth on sections of trail with high roughness factors. Their 
deeply incised form may offer less opportunity for plant growth 
on the steep sides. Growth cannot be restricted by trampling 
in such places, and this was confirmed by the observation that 
people would either walk along the centre or move out of the 
lowered channel and walk alongside. The barrenness of steep slopes 
on either side must therefore be attributable to other causes. 

It is suggested that exposure of these sides enables the soil 
to dry out faster; this is especially significant for the north 
side of trail A, which becomes orientated in a plane more per- 


pendicular to the sun's rays. The effects of aspect might be 
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expected to be greater the more deeply incised a section of trail 
becomes. Furthermore, as high roughness factors develop on relatively 
steep longitudinal slopes, they are perpetuated by erosion. The 
seeds of annuals, which are the main path colonisers, may be 
washed away from the steep sides before germination. This is quite 
possible as, in addition to erosion during snowmelt, this area 
receives heavy rainfall in storms occurring mainly in the early 
summer and autumn. 

The results indicate that a multiplier effect is experienced 
such that the erosion potential of the path is increased due to 
the lack of plant cover, and an increase in plant cover is 
impeded by erosion combined with the other factors described. 
5.2.5 Vegetation Analysis 

Data obtained from transect studies tend to be less easy to 
handle than many other forms of data, and are often expressed 
graphically. The axis along which the vegetation characteristic 
is plotted may be an actual distance scale, such as that used by 
Kershaw (1958) in a study of pattern in a grassland community. An 
alternative division of the axis was used by Alvin (1960) in 
a study of lichen distribution on sand dunes. The axis was divided 
into zones according to dune age, so that the sequence of species 
succession could be demonstrated. This latter means of displaying 
the results would be appropriate to the trail zones, whereas the use 
of actual distance along the axis is more reievant to the cross- 
sectional approach. 

As with the soils data, the main problem was to reduce the results 


of the vegetation quadrat analysis into a more general form. It was 
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felt that the zoning system by which the soil was characterised 

was not acceptable as it was already based on a consideration of 

bare ground and plant cover. Distance from the centre of the path was 
therefore used to plot the changes in plant cover. However, since 

the width of. the path is variable, any general trends in cover tend 

to be masked by the overlapping of individual trends. The data were 
therefore arranged such that the points on each transect were coincident 
where the first vegetation was recorded. These points therefore reflect 
the average cover most accurately, and the accuracy will decrease with 
increasing distance. This is because the rate of change of cover 

is expected to vary between transects. For example, the vegetation 
associated with a narrow stretch of path generally displays an abrupt 
transition from a high percentage cover to bare ground. On a wider 

path the transition is observed to be more gradual. 

An ideal solution would be some form of sliding scale based on 
path width by which the rates of vegetation increase could be made 
compatible. In the absence of such a transformation, the data were 
divided into two groups on the basis of the path width. The transects 
on sections where the trail width was less than 1.5 m were considered 
together as ‘narrow path' group; these were transects 5, 8-14, 16, 
and 18-20. The remainder were classified as the ‘wide path' group. 

The percentage cover for the individual species was obtained by 
totalling the number of "hits" on that particular species at the 
designated point on the transect, and expressing that total as the 
percentage of the total number of pins. The distance of the designated 
point from the centre of the path was taken as the average distance 
for all the transects in that group. This is clarified by an example: 


the first point considered is that at which vegetation is first recorded 
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and in three transects this might occur at 60 cm, 70 cm, and 80 cm 

from the centre, giving an average distance of 70 cm. Species A 

might score 8,9 and 10 hits out of a possible total of 30, giving 

a percentage cover of 90%. Species B might score 2,3, and 4 hits 

out of a possible 30, giving a percentage cover of 30%. Therefore, 

90% for Species A and 30% for species B would be plotted at.70 cm from 
the centre. Bare ground can be calculated as a percentage in the 

same manner, except that it can never exceed 100% (whereas the total 
cover of individual species may do so because of overlapping of leaves). 

Figure 5.7 was produced for average trail cross-sections using the 
above method. The upper graph shows percentage of bare ground, total 
species cover, a cumulative species total, and the number of species 
present on narrow trails. Total species cover rises to a higher value 
on the south side of the trail, which was more shaded. From the height 
of the peak values for the number of species present, there were more 
species on the south side contributing to total cover than on the 
north side. The final total number of species is about equal on both 
sides, as is the final number of species present, and the percentage 
of bare ground, suggesting that the vegetation has stabilised. 

The distribution of individual species contributing to the total 
cover is shown in Figure 5.8. Those species that are typical and common 
in the understorey vegetation of aspn stands in the Cypress Hills (Newsome 
and Dix, 1968) are shown on the lower graph. Species that are frequently 
found in disturbed habitatsare shown on the upper graph. There is a 
striking difference between the two distributions. The rapidly-growing 
atypical species tend to peak in their cover up to about 70 cm from 
the path centre and then decrease in abundance. The typical woodland 


species have low cover values within this distance and then start to 
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increase as the edge species adjacent to the trail edge decrease. 

The major edge species that were found in greater abundance near 
the north edge of the trail were Poa tintertor , Taraxacum officinale 
and Bromus inermis. Their abundance was predictably greater on the 
north side of the path which was less shaded than the south side. 
Their relationship to one another was altered on the south side, with 
Taraxacum officinale providing the major contribution to total cover 
although its distribution curve was very similar for both sides of 
the trail. The abundance of Poa interior was very much reduced on 
the south side, and was exceeded by that of Trifoltum repens. 
Trifolium repens was most abundant on the shaded (north-facing) side, 
and comparatively little was recorded on the north side. Bromus 
inermis experienced a change in abundance from the north to the south 
side similar to that of Poa interior. Bromus inermis achieved a 
peak value farther from the centre of the path than the other species 
considered. Phlewn pratense was present on both sides of the path, 
but attained a higher percentage cover on the south side. Plantago 
major WaS more abundant on thenorth side of the path. 

The typical woodland species do not show the peaked curve common 
to the atypical or edge species. If they are present near the edge 
of the path, their rate of increase of percentage cover is very low. 
The abundance of the woodland species increases more rapidly after the 
atypical species have peaked and their contribution to total cover 
declines. 

Aster spp. were a major contributor to cover on both the north and 


south side. On the north side, Aster spp. reached a peak at the same 
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point as the atypical species and maintained that level of cover up 
to 100 cm fromthe trail centre. There was a slower increase in cover 
on the south side, but a higher final percentage. Fragaria glauca 
was the most abundant species on the south side, although much less 
successful on the north side. Amelanchter alntfolia was present on 
both sides of the traii and followed the distribution pattern of the 
other species. Galtum boreale appeared on the north side immediately 
following the peak of the atypical species and achieved the highest 
cover percentage about 100 cm from the trail centre. 

The lower graph on Figure 5.7 shows the percentage of bare 
ground, total species cover, cumulative species total and the number 
of species present for the wide trails. The north side shows smooth 
curves with all the variables reaching an equilibrium state without 
the conspicuous peaking seen on the narrow trails. The south side 
of the trail is rather different; the curves are attenuated and not 
smooth, as though they pass through well-vegetated and poorly-vegetated 
zones. The overall rate of cover increase is much less on this side 
of the trail, and the bare ground and total cover do not appear to have 
reached an equilibrium level. The fluctuation in the curves may be 
partially the effect of a low number of total transects in this group, 
although the north side of the trail is not affected. 

The major edge species for wide trails are shown on the upper 
rath in Figure 5.9. The abundance of Taraxacum officinale and Poa 
interior WaS again greater on the north side of the path which was 
less shaded. Bromus inermis was restricted to the north side of the 
path. Phleum pratense was present on both sides of the path, although 
jt was more abundant and persisted over a greater distance on the 


shaded south side. The remaining two major species were Plantago major 
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and Trifolium repens. Both showed greater abundance on the north side 
of the path. 

Of the typical woodland species, the distribution of those to the 
south cf the path was probably less affected by competition from the 
edge species than those on the north side. Aster spp. were most 
prevalent, occurring nearer the centre and contributing most to the 
total cover. Fragaria glauca, Heracleun lanatun, Geranium rtchardsontt 
and Galtun boreale all appeared over 100 cm away from the centre of 
the trail and in lesser abundance. 

Galium boreale was more abundant on the north of the trail and 
peaked about -30 cm before the peak of the major edge grasses, at 
which point its cover was reduced by half. As the abundance of atypical 
grasses declined, that of Heraclewm lanatum and Fragaria glauca. increased 
abruptly, and that of Gerantwn richardsonit showed a slower increase. 
Some Amelanchier alnifolia was also recorded aif the less shaded north 
side of the trail. It was most abundant just before the increase in 
abundance of the atypical grasses, and then decreased. 

Summary 

There are two distinct groups of plants that border the trail. One 
group consists of species which are typical of disturbed habitats and 
which exhibit a rapid increase in percentage cover, peak, and then 
decline in abundance as distance from the centre of the trail increases. 
These are referred to as the edge or atypical species. The second group of 
plants found bordering the path are the species typical of the woodland 
through which the trail passes. These generally have a very low per- 
centage cover until the abundance of the edge species begins to decrease. 

The major edge species on this trail were: Poa interior, Taraxacum 


officinale, Bromus inermis, Phleum pratense, Plantago major, and 
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Trifolium repens. Their abundance was generally greater on the less 
shaded north side of the path. Typical woodland species that bordered 
the path were Fragarta Sine Aster Spp., Amelanchter alntfolia, 
Galtum boreale, Gerantum richardsonit, and Heracleum lanatum. Species 
that made a minor contribution to total cover are listed in Table 5.16. 

On the narrow trails, the edge species showed maximum cover 
values at about 70 cm from the trail centre, compared with the peak 
at 100-120 cm for the wide trails. The division of the trails into 
two groups based on width is therefore justified; the peaks would have 
overlapped had this not been done. A further point is that on the 
narrow trails, the edge species reach a peak over a distance of 
approximately 50 cm from the first point of vegetation cover; on the 
wide trail this is extended over about 80 cm. There is a difference 
therefore not only in the distance from the centre at which maximum 
cover of edge species occurs, but also in the rate of increase from 
the first vegetation on the path. Furthermore, both graphs on Figure 
5.7 show that although the total cover continues to increase or levels 
off away from the path, the number of species present reaches a peak 
and declines. The graphs of individual species cover indicate that 
the initial rise in the number of species present is accounted for by 
the edge species, the peak represents edge species and some woodland 
species, and the decline is accounted for by woodland species. 
5.3 Statistical Analysis 
523. WmCorretavion 

Correlation techniques are not particularly appropriate to this study, 
but are included as an example of one possible way to treat the data. 
The transects were located randomly along the length of the trail, but 


the five sampling points on the transect were not (stratified random 
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TABLE 5.16 - SPECIES OF MINOR IMPORTANCE 
FOUND ADJACENT TO TRAIL A 
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Trail A 
Species Presence 
Narrow Path Wide Path 
North South North South 

Agropyron subsecundum + + 
Agrostis scabra + 
Bromus anomatus + 
Poa palustris 
Carex sprengeltt + + + + 
Juncus tenuts + + 
Stellaria longtfolta + 
Actaea rubra 7 
Thalietrum venulosum + + 
Geum alleptcum + . a 
Rosa spp. + + + + 
Rubus strigosus + 
Hedysarum alptnum + + 
Lathyrus ochroleucus + + + + 
Thermopsts rhombtfolta + + “ 
Vieta americana + + + 
Lonicera dtoteca + + 
Smilacina stellata + + 

+ + 


Disporum trachyearpum 
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Table 5.16, Continued 


eS 


Species Presence 


Narrow Path Wide Path 
North South North South 





tola rugulosa + in 
Osmorhtza chilensts + 
Symphortecarpos albus a + oF Bs, 
Campanula rotundtfolta = 
Achillea mtllefoltum + + + 
Agoserts glauca + 
Antennarta spp. + 
Artemista spp. + + 
Ertgevon spp. + + + + 


Gatllardia aristata 


Hieractum spp. + 
Matricaria matricartotdes + 
Solidago spp. rt 

Castilleja mintata + + 


Sptraea tuctda u 
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sampling). It is not within the limits of correlation techniques to 
analyse data which are only partly randomised, and the results must 

be treated as such. A randomised block sampling treating the path zones 
as blocks, would be more appropriate to the gathering of data for 
correlation analysis. If a complete set of data had been obtained for 
all zones, correlation of variables within each zone would have Neen 
possible. As the change in soil variables with bulk density was of 
prime interest in this study, the lack of data for the central zone 

of the path unfortunately precluded analysis of the data in this way, 
and regression analysis is of greater value. 

Correlation matrices are given (Table 5.17) for seven yariables; 
distance from the centre of the path is included, but the more reliable 
data are for the other six variables. A matrix for all data from 
trail A is given; there are also matrices which treat the north and 


south sides of the trail separately. As these matrices include the 


correlation coefficient, its level of significance and the degrees of 
freedom, these will not be included in the discussion below. 
Taking into account all samples from trail A, pH was shown to 
be negatively correlated with the water content of the soil, although 
the association is not strong. On the north and south sides of the 
trail pH shows a weak negative correlation with percentage carbon in 
addition to water content (oven-dry basis). A positive correlation 
is shown for the north side of the path between pH and bulk density. 
Percentage carbon shows a strong positive correlation with moisture 
content on a dry weight basis, particularly on the north side of the 
trail. Its high negative correlation with bulk Heneity is stronger on 


the south side. 


Water content on a dry weight basis has a reasonably strong negative 
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correlation with bulk density which is greater on the north side. 

The strongest correlations are between bulk density and percentage 
carbon, and bulk density and water content which are negatively 
associated, and water content and percentage carbon which are positively 
correlated. It is thus concluded that soils which experience compaction 
from pedestrian trampling are also likely to exhibit a reduction in 
moisture content and organic carbon content. 

5.3.2 Regression Analysis 

Regression analysis requires an independent variable which does not 
have to be selected randomly. The distance in metres from the centre of 
the trail was therefore chosen, and equations caiculated for the 
regression of the dependent soil variables on distance. 

Regression analysis for total samples from trail A show that per- 
centage carbon, water content on a dry weight basis, and air-filled pore 
space increase directly with distance-from the centre of the path. 
Percentage carbon (Figure 5.11) has a value of 1.87 at the Y intercept, 
and the slope of the regression line is 1.41; the equation is significant 
at the 0.005 level (98 d.f.). Water content (Figure 5.12) has a value 
of 9.87 at the Y intercept and the slope of the regression line is 
2.78; this is significant at the 0.025 level (71 d.f.). Air-filled 
pore space (Figure 5.14) has a value of 28.65 at the Y intercept and the 
slope of the regression line is 8.01; the equation is significant at 
the 0.005 level (71 d.f.). 

There is a decrease in pH and bulk density values with distance 
from the trail centre. Figure 5.10 shows the pH at the Y intercept to 
be 6.59, and the slope of the regression line is 0.17. The equation is 
significant at the 0.005 level (98 d.f.). Bulk density (Figure 5.13) 


regresses on distance from the path centre with a Y intercept of 1.50 
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Figure 5.10 


Regression of pH on distance from the trail centre 
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Figure 5.11] 


Regression of percentage organic carbon 
on distance from the trail centre 
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Figure 5.12 


Regression of water content on distance from the trail centre 
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Figure 5.13 


Regression of bulk density on distance from the trail centre 
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Figure 5.14 


Regression of air-filled pore space 
on distance from the trail centre 
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TABLE 5.18 - REGRESSION EQUATIONS 





Dependent Variable Equation (Y=A+BX) Significance Level 
Total Samples 

pH Y =56259.-00.17X 0.005 (98) 

percentage carbon Veal) ated 1X 0.005 (98) 

water content Ye=69.870+ 2¢78X 0.025 (71) 

bulk density Yale 508-0228 0.005 ee 

air filled pore space Y = 28.65 + 8.01X 02005 (71 
North Side 

pH ~ Not Significant (58 

percentage carbon Y = 2.06 + 1.58X 0.005 (58) 

water content Y = 9.13 + 2,56X 0.2008e(38) 

bulk density Ve—m ao) Or 1 OX 0.005 (38) 

‘air filled pore space Y = 33.72 + 5.85X 0.025 (38) 
South Side 

pH Y = 6.59 - 0.31X 0.065 (58) 

percentage carbon Y = 1.91 + 1.05X 0.005 (58) 

water content Ve=e10)6 let 3. OLX 0.100 (35) 

bulk density Y= 1.54 = 0.24x 0.005 (35) 

air filled pore space Y = 23.32 + 8.46X 02010en(35) 


X is the independent variable, the distance from the centre 
of the path. 


Dearees of freedom are placed in brackets beside the significance 
levels. 
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avcetners Ope of athesregressi0Nelinesiss0.cc; this equation 1s Sig= 
nificant at the 0.005 level (71.d.f.). 

The regression equations for the variables discussed above and 
for samples on the north side and the south side of the trail are 
presented in Table 5.18. This shows that there are differences on the 
north and south sides of the trail, but as the sample size is reduced, 
the significance of the relationships decreases. For example, the 
regression of pH on distance on the north side of the trail is not 
significant, but for the south side there is a negative regression 
significant at the 0.005 level (58 d.f.). Bulk density decreases with 
increasing distance on both north and scuth sides of the trail. 
Percentage carbon, water content and air-filied pore space are directly 
related to distance, although the regression equation for water content 
is significant only at a 0.100 level and the relationship is therefore 
weak. 
54 Ptant-Soil Relationships 

The preceding sections of this chapter have detailed the evidence 
on which the foliowing conclusions are based: 

ij. There are differences between the soil properties associated with 
a trail and those of the undisturbed adjacent area. From the trail 
centre and through the edge zone there is a negative linear relationship 
between distance and bulk density, and a positive relationship between 
distance and organic matter, moisture content, and air-filled pore space. 
Soil acidity is more variable than the above characteristics, but there 
is a general trend for acidity to be reduced towards the centre of the 
path. These departures from the conditions which would normally be 
encountered within the undisturbed area are expectec to affect the 


nutrient status of the soil. 
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ii. There are floristic differences between the trail and its 


surroundings. In all transects examined, bare or nearly bare ground 
was found in the centre of the trail. Very few species grew in this 
zone, although their distribution was such that they might be locally 
frequent. Although they were not sufficiently numerous to be recorded 
by the transect analysis, they will nevertheless be discussed in this 
section. A zone of edge species was recognised at the edge of the 
trail, its width being partially determined by the width of the path. 
Moving away from the trail, after the species in this zone had reached 
their peak cover value, the indigenous woodland species began to gain 
in importance in the total cover. 

It cannot be disputed that trampling has an adverse effect on plant 
growth and survival by causing physical damage to the plant. Vegetation 
growing on and beside the trail is therefore subject to physical damage 
in addition to the effects of the altered soil status, and it is hardly 
surprising that changes in species cover occur. What is not clear however, 
is whether the species found in disturbed habitats are there because of 
specific adaptations to withstand the pressures, or whether they are present 
because of the reduction in inter-specific competition for resources, 
caused by the inability of some species to tolerate the environmental con- 
ditions. Characteristics of the species found in the trodden path zones 
must therefore be examined. 

As indicated previously, the six most abundant edge species were 
three grasses, Poa interior, Bromus tnermis, and Phlewn pratense, and 
three herbs, Taraxacum officinale, Trifoliwn repens, and Plantago major. 
Of these six species only two, Poa interior and Trifolium repens, are 
natives, and all are perennials. 

The grasses possess deep rooting systems; those of Bromus inermis 


and Phlewn pratense may extend over one and one-half metres in depth 
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(Campbell et al., 1966), which would be valuable in tapping the deeper 
soil layers when the surface soil becomes too dry. Bromus tnermis 

has creeping rhizomes and the perennating buds are therefore protected 
from direct damage by trampling. 

Taraxacum officinale and Plantago major are rosette plants with a 
hemicryptophytic life form, the perennating buds being at ground level. 
Poa major in particular has a robust leaf with a tough main rib. 
Trifolium repens, the third herb, possesses prostrate creeping stems 
which are able to root at the nodes. 

Most of the species associated with the edge of the trail therefore 
have one or more characteristics which allow them to survive in this 
environment, such as deep rooting systems and perennating buds at or 
below ground level. 

Species that grow on the path encounter even heavier trampling 
pressures in addition to the greater departure from the normal soil 
status. An appreciable microclimatic gradient may be experienced across 
the path, as soil temperature and air temperature over the bare ground 
will be higher and an increased evaporation rate will undoubtedly be 
found. The albedo (proportion of short-wave radiation reflected) of 
bare soil is lower than that of vegetation. Furthermore, the soil sur- 
face is protected in a woodland from temperature extremes by a shrub or 
herb layer. 

The two main species that appear to survive on the path despite the 
adverse conditions are introduced annual herbs, Matrtcarita matrtcartotdes 
and Polygonum aviculare. Polygonum aviculare adopts a much-branched 
prostrate mat form with the buds protected in leaf axils. Matricaria 
matricartoides is an erect plant; observations along the trail indicated 


that plants growing at the edge with other species tended to be fewer 
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in number, taller, and produced less flower heads. On one 20 m section 
of the trail, eight plants with an average height of 10.4 cm and bearing 
on average 1.6 flower heads were observed growing at the shady edge 

of the path. On the sunny exposed part of the path by contrast, 26 
plants were found with an average height of 4.9 cm and 4.3 flower heads. 
While these observed differences are probably due to a phenotypic 
response to the environment, it would be interesting to determine if any 
of these differences are genotypic in origin, particularly as the smaller 
plants are better adapted for survival. They are more numerous and 
produce on average nearly three times as many flower heads (and it 

is assumed a greater number of viable seeds) than the larger plants 
growing at the side of the path. 

The question of adaptation to, or tolerance of, this inhospitable 
environment may be likened to that of the tolerance to heavy metals 
developed in some plant populations in mining and industrial areas. 
Bradshaw et al. (1965) pointed out that although many habitats are 
as extreme in pH or salinity as those created by man, such natural 
habitats are normally vegetated. According to Darwinian concepts, natural 
selection preserves the most divergent offspring of a species so that 
vacant niches are colonised. The time scale of evolution, however, must 
be measured in millennia, while adaptations have been observed to occur 
within decades (for example, industrial melanism in moths (Kettlewell, 
1958) and zinc tolerance in grasses adjacent to a galvanised fence 
(Snaydon, cited in Bradshaw et al., 1965) ). This is evidently not a product 
of evolution within the species, but a characteristic acquired at the 
population level. 

Bradshaw (1960) found that by crossing the few individuals tolerant 


to copper in a normal population of Agrostis tenuis, full tolerance could 
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be established in about five generations. The development of an 

edaphic ecotype was found to create sharp boundaries between the tolerant 
and non-tolerant populations. Individuals from tolerant populations were 
at a competitive disadvantage in normal populations. Using game 

theory, the development of populations, in terms of gene flow and 

natural selection, was simulated for a number of populations through 
which ran an ecological boundary. A marked distinction arose between 

the two populations on either side of the boundary, and equilibrium 

was reached in about ten generations. 

The various strategies which may be adopted by a species or pop- 
ulation in the "evolution game" are discussed by Waddington (1965). 

He emphasised that although formal theories of quantitative and pop- 
ulation genetics have been developed over the last two or three decades, 
there is still very little known about how a species or population meets 
an evolutionary challenge. At the present time little more than 
speculation about the influence or mechanism of altering the genetic 
constitution of colonising species can be attempted. 

There is no evidence that polyploid weed species are especially 
favoured for the colonisation of disturbed areas, since the same 
proportion of polyploidy was observed in the general flora of an area 
(Mulligan, 1960). There is, however, some indication that polyploid 
weeds are better adapted than diploid weeds to some specialised 
habitats (Mulligan, 1965). A comparison of weedy and non-weedy species 
of the genus Chenopodiwn indicated that “weediness" may be positively 
correlated with the amount of phenotypic "plasticity" (Cumming, 1959). 
Phenotypic plasticity implies a flexibility in the species to adapt its 
morphology to current environmental conditions; this may be the explanation 


of the differences observed in Matricarta matricartoides on trails in the 
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study area. Weedy colonisers are also fayqured by the ability of a 
high proportion of the seed population to germinate, achieye a high 
growth rate, flower, and set seed under a wide range of environmental 
conditions (Cumming, 1959). 
5.5 Summary 

The results of this study show that the passage of a path through 
an area has a marked effect on the soils and vegetation. 

Soil moisture, percentage organic carbon, acidity, and air-filled 
pore space were all reduced on the trail, and increased linearly away 
from the centre. The soils data are summarised in Table 5.19 and 5.20 
for trails A and C respectively. The effect of the altered soil 
conditions on the availability of soil phosphate and other macro- 
nutrients was considered, as were the possible consequences of soil 
moisture reduction and changes in the composition of the soil atmosphere. 

Bulk density, which is an indicator of the degree of compaction, 
increased on the trail. The effects of mechanical impedance to root 
growth were discussed and special consideration was given to the effects 
on germination of seeds and subsequent seedling establishment. 

The vegetation of the trail was fairly uniform despite the 
variability of the surrounding vegetation. It appears that a major 
characteristic of a path is its maintenance of floristic uniformity within 
zones along its length. 

Only two main species were found on the predominantly bare ground 
of the path, while six major species occupied the edge of the trail where 
soil conditions and trampling pressures were less inimical to growth | 
and survival. 

The possibility of tolerant populations or edaphic ecotypes 


developing on the trail was considered. It is notable that the two 
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TABLE 5.19 - TRAIL A: SUMMARY OF SOILS DATA 


Trail A 

Zone pH *C Db Pw Py St Sa 

Arithmetic N 6a5 ae I ibs ee) (an 13.4 56). 5 43.1 
Means N/ 2b. 0 3.4 133 ie 1338 49.8 36.0 
C 6.6 Cee 1.44 O35 Wao 45.5 Bae 

S/2 apo 4 220 1.41 AZee ists) 46.6 28.6 

S bee oy Ae21 1520 What 54.4 Biss 
Range N 6.2-sewelt 2-88 0 81- 4,7- 6.4- 35.8- 27.8- 
6.9 973 170 24.0 BE 8 69.4 60.2 
N/2- 6, 3-2e@l 3-12-02 65- 3.6- 4.6- 40.4- 24.8- 

6.8 6.3 1.65 pad] Biles Thess 66.0 
C 6.0- 0.6-  1.10- 3.8- 6.3- 32.8- 26.1- 

6.9 4.9 1278 YAU ape fe ba.5 Bia 
S/2 Gis 27-2671. 3-5 7.07 98- 0.4- 0.5- 36.2- 11.4- 

6.8 beg 1.69 leg 6029 Ree) 6559 
S 5, 6-seml. 1-790: 67- 3.9- 4.2- 40.0- 15.2- 

Bese hel too Bye | 26n3 74.7 S550 


Variance N OP 04sew4 ol Ok 04 /ieens0 20 2527 47) eatb7 06a 1. 11 
N72 WO. Osea wre. 68900. 054 Be 39.99 0. 49.257)-576.74-9 489.9] 

C 0. Obeewsl. 52ee6 0205 3 SO ged .SJ-e0tc4. 14 eel. 69 

$/2 SFU. 08a 26507031 Bile | 7G. 3cie ew 4O 2am DO.Go 

5 OL O7eemee  SOrese0t 055046. 69 2686.40 Sey (3 5ilg 81 

Standard N 0,20 Meee. 1 Seem). 22 5.49 5.24 8.19 8.43 
Deviation N/2 WFO 1 6ee od, 646610223 Geo2 7.02 mls 9.48 
G 0,259 C23 tO. 24 6.62 6.47 9.17 4.32 

S/2 290 29d, 1seee 0.18 5.64 8.56 6,60 Geez. 52 

S 0:2 Jeet 69% e0 23 6.98 6.03 8.79 10.85 


i 


%C is percentage organic carbon on an air-dry basis 
Db is bulk density in gm/cc 

Pw is water content on a dry weight basis 

Py is water content on a volume basis 

St is! total’ porosity 

Sa is air-filled pore space 
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TABLE 5.20 - TRAIL C: SUMMARY OF SOILS DATA 


Trail C 
Zone pH Db Pw 
Arithmetic W 120 0.97 hel 
Means pie The 1230 GS. 
G 74 152 6.9 
al ie! TO 
E 6.9 0.89 ee5 
Range W 6.0- 0Q.60- 7.3- 
76 130 2523 
W/2 5.8- 1.03- 5.9- 
7.9 1.47 Whale 
CG 6.0- 1.29- 3.4- 
Gall 1.64 les 
Es) eee ee Oe / 3— 4.7- 
Foe 1288 2502 
E 5.9- 0.60- 11.0- 
Has ikelhe Dood 
Variance W QP3 Suen sO A2.50 
Wi2me scam Uc? 4.16 
C 0760) 0-016 8.93 
E/ 20s Omen OGO43—umoD 625 
és O34 60 0: 05 Game oe 
Standard W C258 mC lee 6.52 
Deviation W/Z ace en 204 
¢ OS/ /MeeUeis 2.99 
b/ ZU COmmEUe? | Jes 
E Ql6CmumrU ses 6.58 





Db is bulk density in gm/cc 

Pw is water content on a dry weight basis 
Pv is water content on a volume basis 

St is total porosity 

Sa is air-filled pore space 
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species found on the trail were annuals (therophytes), which suggests 
that a large gene pool and an annual replacement of individuals 
confers a more rapid adjustment to the prevailing conditions. The 
edge species were found to possess characteristics that gave them 
a certain amount of resistance to trampling and hence a competitive 
advantage over the typical woodland species. 

These, and other considerations, are incorporated into a model 


Of trail development which is discussed in the following chapter. 
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CHAPTER VI 
CONCLUSIONS 

Traii status measured during this study in the Cypress Hills 
indicates certain general principles; these are discussed below and 
used to establish a model of trail development or evolution. Also 
considered are some aspects of the method used to determine trail 
status and suggestions are made for its improvement. Finally there 
is a discussion of the most profitable direction that future trail 
era es might take. 
6.1. General Principles of Trail Status 
6.1.1 Characteristics of Trail Status 

The results indicated the following characteristics of the uppermost 
layer of mineral soil: 
i. Bulk density, which is a measure of scil compaction, decreases 
linearly with distance from the centre of the trail while there is a 
concomitant increase in total porosity and air-filled pore space. 
ji. Moisture content increases linearly with distance from the centre 
of the trail. 
iii. The organic carbon content increases linearly with distance 
from the trail centre. 
iv. Acidity increases linearly with distance from the trail centre. 
v. The highest roughness factors, which are a measure of the Towering 
of the trail surface relative to its surrounds, are found on steep 
west-facing slopes. The ability of steep slopes to produce high rough- 


ness factors is dependent upon their aspect, which controls the nature 
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of the vegetation, and expasure to agents of erosion such as rainfall 
and snowmelt runoff. | 

vi. Few species are able to tolerate the rigorous conditions found at 
the trail centre; the two major species are annuals. The six most 
important species found at the trail edge are perennials which exhibit 
one or more characteristics that contribute to minimising the adverse 
effects of trampling. These species achieve a peak value for cover 
and then decline in abundance. A few typical woodland species were 
also found at the trail edge, and these increase their cover with 
distance away from the trail. In addition there is an increase in the 
number of typical woodland species found with distance away from the 
trail edge. 

The linear relationship between cistance from the trail centre and 
bulk density, moisture content, organic carbon content and soil 
acidity is not expected to be maintained when distance from the trail 
is sufficiently increased. When the disturbing effects of the trail 
are minimised, fluctuations in the soil variables will reflect the 
natural heterogeneity of such systems. 

From the specific conclusions and general observations, a model 
of the development of trail status is proposed. 

6.1.2. Model of Trail Status Development 

It is important to realise that trail status as developed here is 
a description of the physical and biological attributes of a trail at 
a point in time, and implies no causal relationships. It is a dynamic 
character that changes over time regardless of whether or not the 
trail is used. The degree of use or non-use merely determines the 
direction that the changes in time will take. It is not possible 


therefore to indicate definitive causal relationships on the basis of 
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observations during only one field season. However, it is correct to 
state that the current trail status has resulted from two causes: 

trail use by man and animals, and biotic and abiotic interactions which 
Proceed independently from trail use. As trail status is a dynamic 
quantity and continuously changing, it is simpler to consider the changes 
occurring between distinct points separated in time rather than the 
continuous change. 

The principles governing changes in trail status that might 
occur are therefore discussed with the aid of a model (Figure 6.1) on 
a seasonal basis. The trail status is first considered after snowmelt 
in the spring when the growing season begins. The amount of plant 
growth associated with the trail will be governed by the trail status 
in terms of impedance to root growth, soil moisture and atmospheric 
conditions, and soil nutrient status. The availability of seed will 
affect the potential establishment of new individuals, and weather 
conditions will also be important. The latter are not included 
however as they are variable from year to year and influence all plant 
growth. 

The introduction of treading pressures into the system causes 
physical damage to the vegetation. Where the soil is not cushioned by 
a plant cover it receives direct trampling pressure, and the amount 
of compaction this causes is related to its status at that time. Con- 
ditions most conducive to compaction are a high moisture content (with 
maximum compaction at a point midway between field capacity and wilting 
point), low initial density, and low organic content (Lul1, 1959). The 
increase in compaction has a direct effect on plant growth by causing 
mechanical impedance to root growth, and indirectly affects it through 


soil aeration and the moisture regime. Increasing compaction results in 
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Figure 6.1 















Model of trail status development 
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an increase in runoff compared to infiltration, and the latter affects 
plant growth through the moisture content. Increasing runoff on the 
path increases erosion and losses of organic matter and fine textured 
soil material. This affects the nutrient status by reduction of the 
cation exchange capacity (potential sites that may be occupied by 
exchange cations). It is possible however that the percentage base 
saturation (the proportion of potential sites actually occupied by 
exchange cations) may increase as, concomitant with an increase in 
runoff there is a decrease in infiltration, and hence a smaller potential 
loss of cations by leaching. 

The negative effects on plant growth may affect its ability to 
reproduce, both by vegetative propagation and by production of seed. 

A decrease in flowering is observed in plants at the edges of paths 

and therefore it is surmised that there will also be a decrease in 

seed production. Although seed dispersal may be adequate on the path, 
it is suggested that the increase in runoff will remove a proportion 

of these seeds. This is particularly likely to happen during heavy 
storms in the autumn, and during snowmelt runoff in the spring; further 
storms in late spring may remove seeds prior to germination. Germination 
is also affected by the path roughness which infiuences the micro- 
climatic gradients across the traii in addition to heterogeneity of the 
soil surface. This will be important to seeds having very specific 
germination requirements. 

The composition of the plant cover will be determined by the ability 
of different species to survive under the conditions on and beside the 
path as well as interspecific competition for resources. The most 
successful species occupy the path edge at the expense of less well- 


adapted species. This study indicated that "weedy" species were more 
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successful than typical woodiand species, so that the edge of the path 
displayed a characteristic flora. 

The model trail therefore becomes less favourable to plant growth 
over the period described. As plant cover is decreased and more bare 
soil is exposed, the situation deteriorates. The cushioning effect of 
vegetation is lost, the trampling force is directed onto 
the soil surface, and hence compaction occurs more readily. There is 
also a concurrent increase in compaction due to the impact of rainfall 
which is now received directly by the soil surface. The increase in 
compaction and lack of vegetation enhances the erosion potential, and 
this combination of factors is thought to acccunt for the deeply incised 
form of the path on steep slopes,especially those facing the direction 
from which precipitation falls. Aspect of the slope is also important 
in that it affects the general nature of the vegetation cover. The 
effect of path microtopography has already been mentioned as influencing 
germination; seedling establishment is subject to the same controls 
exercised by soil status as were described for plant growth. 

At the end of the period described in the model, trail status has 
acquired a different set of attributes from those it possessed originally. 
Several aspects of the model are worthy of comment. The trampling 
pressure applied during the next period is therefore acting on a dif- 
ferent trail status and hence we cannot say that even with identical 
pressure the effects will be the same. As a site becomes increasingly 
degraded less pressure will be required to maintain it, as the element 
of seif-perpetuation increases. In restoring recreation areas such as 
trails or campsites by revegetation, difficulties may be encountered 
as the model shows that weedy plants under these conditions are often 


more successful than indigenous species. 
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The possible use of trai] status (as an expression of concentrated 
pressure) to the prediction of heavy use over a large area was suggested 
(Chapter 1.6). On the basis of this study, it is proposed that this 
is indeed valid although it cannot be applied on a quantitative basis 
without a user-study to determined the exact pressures exerted. It may 
nevertheless provide an indication of ground cover reaction to trampling, 
and of plants that might replace the indigenous species. This is of 
particular importance on a campsite, for seeds may be transported long 
distances by vehicles and on footwear and clothing so that a supply 
of non-native seeds is virtually inevitable. 

The model has been presented in a general form, but the emphasis 
is on the interaction of all parts in the system. This holistic approach 
has been expressed by Watt (1966) as "a principal attribute of the 
system is that we can only mccreeand it by viewing it as a whole". 

6.2 Critique of Methods , 

Many of the more detailed points have been previously discussed 
in conjunction with the results (Chapter V), and this section is con- 
cerned with the overall success of the sampling and analysis. Any changes 
in methods must still fulfill the requirements of causing minimum 
disturbance on the site. 

The period of time over which the samples are taken could be re- 
duced. This would make comparisons as valid along the trail as across 
the trail, but would entaii a team of field workers if a large number 
of transects were to be sampled. The period of time for which samples 
have to be kept both in the field and in the laboratory must also be 
reduced to the minimum possible. Measurement of pH immediately after 
sampling is preferable to storing the samples when the change that 


they will undergo is unknown in both magnitude and direction. 
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The point-quadrat method af determining species coyer is most 
Suited to low-growing yegetation. It was appropriate to this study as 
the vegetation alongside the path was easily sampled and the transect was 
discontinued when the vegetation regained its normal cover character- 
istics, including a shrub layer which could not have been sampled by 
this method. 

The determination of cation exchange capacity and percentage base 
Saturation would prove a useful addition to the organic carbon results, 
and might confirm the suggested hypothesis of the effects on soil 
nutrient status. In this respect, soil nitrogen, sodium, potassium, 
calcium, magnesium and phosphate could be included to give a more 
complete picture. 

Infiltration and runoff rates would enable an estimate of erosion 
to be made and related to trail status. 

The study showed that a fairly clear parallel zonation exists 
along the trail; the sampling approach could therefore be changed so 
that it emphasises zonal characteristics, by sampling in such zones 
as path centre, midway between the centre and edge, path edge, peak of 
edge species cover, and the point where edge species cover and typical 
species cover are equal. 

6.3 Future Investigations 
6.3.1 Systems Approach 

One possibie course for future investigations is an analysis of 
trail and recreation site status development based on a systems approach. 
The model already presented gives a simple outline of the components 
of the system. Because the system was not studied over a period of 
time, values cannot be assigned to rates of status change; the study 


has established the nature of some of the changes, thereby providing an 
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orientation for future wark. If, however, the model is used as 
a basis for further study, trail status at time t+] after the period 
described can then be expressed as a function of trail status at time 
t. The time element is therefore treated by the use of recurrence 
formulae. As the variables change in direction as well as quantity, 
vector analysis is appropriate; differential equations, with or without 
a time-lag incorporated, can be used to describe the system. 

a X+ and Vv; are vectors describing trail status, the change of 


Status is given as: 
a = f(x,_7) + g(v,_,) ... with no time lag 


Ae Fy (x41) a F(x, _9) + 9, (V4_7) + g,(V4_9) aewithea 
f is a function of x, g is a function of v. time lag 
The above equations are given by Watt (1966) as appropriate to apply to 
a system with many interrelated variables that evoive historically, 
and are hence applicable to the recreation situation. The use of continuous 
system simulator programmes is recommended by Brennan et al. (1970) 
to simplify the working of such models in which, for example, the 
coefficients of the differential equations vary with time. Other 
approaches have been applied to simulation studies (Patil et al., 1971); 
such studies are accepted as contributing to both the descriptive and 
predictive aspects of ecological model building. 
6.3.2 Recording Visitor Use 

When the development of trail status is better understood, and the 
major contributory components in the deterioration of a site evaluated, 


the means to improve the management of such sites will be available. 


One of the first priorities is to relate the status of an area to 
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the use that it receives, and at the present time no study has been 
able to accomplish this with any degree of certainty. This suggests 
that the most valuable work in the future will be based on monitoring 
the development of trail status on a new recreation site. This will 
provide the opportunity to conduct a thorough survey prior to any 
organised recreation use, and then to monitor the number of visitors, 
their behavioral patterns, and the concomitant environmental changes. 

It has already been mentioned that use could not be related to status 
on a transect basis (Chapter 1.6) unless the location of users on a 
transect, as well as their numbers, was recorded. The recording of 
visitor behaviour must be done in such a way that the behaviour is not 
influenced. Automatic people counters have been used in recent years 
(Hammond, 1967; Goldsmith et al., 1970) to estimate the numbers of peopte 
at a point. Further development based on the photoflux principle 
has improved the efficiency and reduced the size of a counter (Bayfield 
and Pickrell, 1971). The photocells respond to the change in light 
flux impinging on them produced by a passing object, and cause a change 
in electrical current which is used to trigger a digital counter. 
However, to record the location as well as the number of people passina, 
the photoflux counter could be adapted to trigger a hidden camera. This 
would combine the best of both photoelectric and manual photographic 
grid techniques. The digital counter could also be checked to determine 
the degree of error in the estimates, caused by such occurences as double 
counts of single events and vice versa. A record of the time of day that 
the photograph was taken, such as is found on aerial photographs, would 
establish the temporal pattern of use. | 

TheecosulOm SELLING mupssucn da SyStem would mainly lie with the 


camera equipment. However, the amount of information obtained would 


ie 2 
ett 1 an : 


nead zen xbute of Sala todeier ett So Bik Geolsagh SF Same Bie 
etesnquz 2fat anit sSen WS Serbab Yoe“nde 2Fad ded tqindo’ rc 4 a ae 
on ihvod i nonr no hoond on ftw seatud ett af dvow oFdeuTey don oF get ; 
ftw etuT .<rte Kotreorset wan’ s no“eaees Tred 30° tnemotsveb off 
uns oF Yohiqg Wevwe dpMotott 6 tubes er yiinethago sa Shiver 5) 
_eiovizty to vsttoun of? yodheon oF dekh ba see Hohe see BSeREBTE: 
-espveno felnamdovlvee FapShmoonoa sitobed .evedtsq: Tevobveded hae 

guisié 02 ‘bote!s+ ec Sonbhuee su isd benotinem seed vbserTs’ 26d 9T 

6 m0 21900 td Aotiea0T “ot seafnw (sf Fetaend) heed aspennid! 6 t 
tO patbyoos™ ant .Ss6t0087 2aw .2vedaue stent ax Mew ee .Jo92ett 
fon z! yuofvered 66% fed vow 6 dove a? Shab Sd -daum“werverted Wooler 

























zane Hign 4) barn need svsh evedayed stated atiemoivA  .bsaasuf tat 
sfuese To dean a4 Stent tz9 oF (OTET , ifs ts Astmebfod ;V8ef-. baomnst) 
Sidtant+a aotvedale SAF he baisd jnsmqotevab tediw .totoq & $k 
bfsttvar) W9IAUHD @ fo oxfe anid “poobbay Bers yonotaitie sit bovoraint Sal 
| ttotl nb consis oda od badatey efleobdodg ant” SCTVO? , ffewiol tne 


. “ if r . ro. 
39059 5 aziea bas ,S3etdo pi¥zesy & vd besbbove medy vo ontostqmt xoft S 
733 nn1o2 ed tat 7. 6 rece ha 63. baeu 2? fohdw trsywo Tsstrdsete: at 


(Mi easn sings 0 ra an adt ee Tfow 26 nol 2stor sat ‘broser od | devsil 

2iniT wyeine ostbied i woeets oJ batqsbs ‘od bilan as$avoo Kut todode anh 
shige wperorg héunet Sos ixtostsodadg tod to dead ont ies ae 

entation at Gate Stns sabia bist 


e avin aie i : 
an wens eee 


placeahsh Be Petetie Maine 





140 


probably justify the initial expense especially as the method would not 
influence visitor behayiour and would reduce field personnel. 

Data could be removed from the film by projecting the negative 
onto a grid and coding the information directly. After sufficient 
sampling had been carried out to establish the pattern of visitor use, 
the photoflux equipment alone could be used, and the camera moved to 
another site. A complete photoflux counter may be purchased for about 
£20 ($ 50) (Bayfield and Pickrell, 1971), or assembled from components 
at even less cost. This device has great potential as a useful and 
inexpensive tool in monitoring visitor use patterns. 

6.3.3 Recording Habitat Data 

A similar simple technique to record the changes occurring in 
vegetation and soils with use is required. The methods used in this 
study were directed to documenting the trail status. In the future we 
will need a rapid means of assessing the status of recreation sites, 
and coding this information along with user-data. A means of recording 


this status may be developed along the lines of the Geogram chart, which 
was devised for a world inventory of ali types of surface features 


contributing to the environment of man and the habitats of animals and 

plants (Nicholson, 1971). The chart consists of an open framework 

on which the habitat features are plotted for a particular region. 

The framework may also be used to plot distribution and frequency of 

species according to habitat type. By using a similar system for 

recreation sites and coding the data, similarities between locations 

could be established and related to other variables (such as climatic 

conditions) and a check could be kept on the change in status over time. 
Many of these ideas will be easier to put into action when a more 


solid base of research has been established, and when there is a better 
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understanding of the processes governing the status of recreation sites. 
It is anticipated that studies comparable to the present one, and 


with the emphasis on a systems approach, will contribute to this under- 


standing. 
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APPENDIX A 


LIST OF BOTANICAL AND COMMON NAMES OF PLANT SPECIES 


This list of vascular plants is based on Moss (1959) and adopts 


the same system of listing the genus and species alphabetically within 


the family, except for the grasses, which are listed alphabetically 


within each tribe. Additional information was obtained from Hubbard 


(1954). 


PINACEAE 


Pieea glauca (Moench) Voss 
Pinus contorta Loudon var. latifolta Engeim. 


GRAMINEAE 


Hordeae 

Agropyron subsecundum (Link) Hitchc. 
Hordeum jubatum L. 
Loltun perenne L. 


Agrostideae 
Agrostts scabra Willd. 


Agrostts tenuts Sibth. 
Phleum pratense L. 


Festuceae 

Bromus anomalus Rupr. 
Bromus tnermis Leyss. 
Cynosurus ertstatus L. 
Festuca idahoensts Elmer 
Festuca ovina L. 
Festuca rubra L. 
Festuca scabrella Torr. 
Poa annua L. 

Poa intertor Rydb. 

Poa palustris L. 

Poa pratensis L. 


CYPERACEAE 
Carex svrengelit Dewey 
JUNCACEAE 


Juncus tenuts Willd. 


white spruce 
lodgepole pine 


bearded wheat grass 
foxtail barley 
perennial rye-grass 


hair grass 
common bent 
timothy 


nodding brome 
awnless brome 
crested dog's-tail 
bluebunch fescue 
Sheep fescue 

red fescue 

rough fescue 
annual bluegrass 


fowl bluegrass 
Kentucky bluegrass 


sedge 


rush 
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LILTACEAE 

Disporun trachycarpum (S. Wats.) B. & H. fairy bells 
Smtlactna stellata (1.) Desf. star flowered solomon's-seal 
SALICACEAE 

Populus balsamifera L. balsam poplar 
Populus tremulotdes Michx. trembling aspen 
POLYGONACEAE 

Polygonum avteulare L. common knotweed 
CARYOPHYLLACEAE 

Stellarta longifolia Muh). long leaved chickweed 
RANUNCULACEAE 

Actaea rubra (Ait.) Willd. baneberry 
Thalietrum venulosum Trel. veiny meadow rue 
CRUCIFERAE 

Capsella bursa-pastoris (L.) Medic. shepherd's purse 
ROSACEAE 

Amelanchier alnifolta Nutt. saskatoon-berry 
Fragaria glauca (S. Wats.) Rydb. wild strawberry 
Geum allepteum Jacq. | yellow avens 

Rosa acieularis Lind]. prickly rose 

Rosa woodsit Lindl. common wild rose 
Rubus strigosus Michx. wild red raspberry 
Sptraea luctda Doug]. white meadowsweet 
LEGUMINOSAE 

Hedysarum alptnum L. hedysarum 

Lathyrus ochroleueus Hook. vetchling 
Melitotus alba Desr. white sweet clover 
Thermopsis rhombifolta (Nutt.) Richards golden bean 
Trifoltum repens L. white clover 

Victa americana Muhl. wild vetch 
GERANIACEAE | 

Geranium richardsontt Fisch. & Trautv. white geranium 
VIOLACEAE 

Viola rugulosa Greene western Canada violet 
UMBELLIFERAE 


Heracleum lanatun Michx. cow parsnip 
Osmerhtza chilensts Hook. & Arn. Sweet cicely 
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MONOTROPACEAE 

Pterospora andromeda Nutt. pine-drops 
SCROPHULARIACEAE 
Castilleja miniata Doug]. common paint brush 
PLANTAGINACEAE 
Plantago major L. common plantain 
RUBIACEAE 

Galtumn boreate L. northern bedstraw 


CAPRIFOLIACEAE 


Lonicera dioica L. var. glaucescens (Rydb.) 
Butters twining honeysuckle 


Symphoricarpos albus (L.) Blake snowberry 
CAMPANULACEAE 
Campanula rotundifolia L. harebell 


COMPOSITAE 


Achillea milltfolium L. 

Agoserts glauca (Pursh.) Raf. 
Antennarta spp. 

Artemisia frigida Willd. 

Artemtsta ludoviciana Nutt. 

Aster ctltolatus Lind]. 

Aster laevis L. var. geyeri A. Grey 
Erigeron spp. 

Gatllardia artstata Pursh. 
Hiteractum Spp. 

Matricarta matrtcartotdes (Less.) Porter 
Soltdago decumbens Greene 

Soltdago gigantea Ait. 

Taraxacun officinale Weber 





conmon yarrow 
false dandelion 
pussy-toes 
pasture sagewort 
prairie sagewort 
Lindley's aster 
smooth aster 
fleabanes 
gaillardia 
hawkweeds 
pineapple weed 
goldenrod 
goldenrod 

common dandelion 
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APPENDIX B 


DISCUSSION OF NEGATIVE ROUGHNESS FACTORS AND 
POSSIBLE SOURCES OF ERROR IN CALCULATING THE ROUGHNESS FACTOR 


Three negative roughness factors are shown in Table 5.14. Two 
of these are very small values; the third is large and thought to 
be occasioned by the misapplication of the criteria used to locate the 
path edge. 

If the path surface follows closely the line on which the slope 
factor is calculated, but crosses that line on one or more occasions, 
then the total variance may be reduced to a value lower than the slope 
factor. The negative values for roughness factor that result therefore 
indicate that the path surface was in some places higher than the line 
joining the ends Of the microtopography transect. This was confirmed for 
the transects with low negative roughness factors. This condition is 
met infrequently in the field as it is usual for the whole of the trodden 
area to be lowered relative to the path edges. 

As this method of characterising trail roughness has not been 
attempted before, a brief discussion of the possible sources of error 
is included. Because the roughness factor is obtained by subtraction 
of the slope factor from the total variance, an error in either of 
these will affect the final value. These possibilities are outlined 
below. 

i. If the line from which vertical measurements are made is 
not quite taut, the vertical measurements will be too small. The 
corrections to bring them to the horizontal are based on a taut line, 
and any errors caused by sag in the line will therefore be transferred, 
hence the total variance will be reduced. The slope variance will not 


be affected as it is calculated independently. 






BX. 


CMA ZAOTIA} 2230HQUOR, SVTTROI * 29210 « ss 
40TIA9 * WHOUGS INT BMTTAGUQIAD HI 0 e30AUC 
vi= OF hae 
owt .M.a ofdeT al mwode ow etadpet ezandquen evédepen saw 
o 7 
ai —. OO eet 
od Jdpuett bee spvel 2f brid add s2ouTsy theme 79V o18 s2edt to 


att aigoo! 47 beey alvefing of8 “to notsiohiaguatm ong ve benot2ease od a 


ne 


-2gbe stg 


sqofe sij totiw ao owtt sii¥ yfe2oto ewolfot eostewe dose sit 1 






















,2ieizs730 svar ro snd we SAtT jet 2a22079 tud ,batstuolas "at Toto? 
aqofe ord nent rswol outer 6 of Booher oe ys aonet4ay Tsot ont nod 
teaver tiyest Jaa? yvolos? seenipuort vot eseley svidepan adt -r0sa6t 
ert “ifoin 2somhq mbes af anew axetiwe ditsq ont Jest etsatbat 

10} hannitteod dew 2tdT some Vlestpoqedorsta att ie abna ott enti Pot 


r Jaen iio ae svi isan wot itt he etoeenand Dada 
id? Yo Stow SHd- vo}. Fumes 2) 3t es bistt ext nt xt 2nsuperint 3a 
| -opbs rés@ ott od aviteter bevewel od of pon6 


repel r ot 26h 22 30NCWo “7 perl 2rvaz: eer t9 hortan ata zh ; 
"omg to taovuhe sldfeoog ahd Fo neteauoeiy ‘stad s /avaed bate 
wrrsesidez yo Lenigido 27 votes eeanipuoy ef sauesst -bsbuTant at 


mir, 


to veils a? sats os sonetev fasas of aor 70967 ‘sgole ont 20 
a oa) 
bortttuo avs 23biTidiztoq seit oul fant? odd dostis “Trhw seeds. 


. Ur ‘ 
4 “ - - id ; "Oe ee 


2) sisi S18 elidesyecon | ooh t+ey dati mow? onbt bein — 
at Fe oe bw one stp 
<P meet 00 thea Kite atid math | 


aan al Rent ats 


-_ 


- 









oo 


li. If the slope of the measurement line a is recorded as 
greater or smaller than is actually the case further errors may occur. 
If it is too large, the total variance will also be too large, because 
the horizontal correction factors will be correspondingly increased. 
However, the width will be calculated as too small, although the 
difference will be minimal as the cosine of slope angle is used in 
the calculation. | Providing that the difference in height between 
the two edges of the trail is correct, the width error has negligible 
effect on the slope factor, as it is compensated for by an increase 


in slope angle 8, for example: 


Effect of error in width on slope factor 


Vencenait te width slope Slope factor 
Be/5 110 4° 33! 7.45 
Oe75 100 a 750 


There is therefore little effect on slope factor gwen with width 
error approaching 10%. This is an extreme example and unlikely to 
be encountered in the field. Width errors of 1-1.5% are a more 
realistic estimate. 

The vertical difference in the height of the edges would be 
increased if an overly large correction factor was added to one end 
(the other end always has a correction factor of zero). This would 
produce too great a slope factor. 

If the measurement line slope a is recorded as too small, by a 
similar argument to that above the total variance will also be too 
small. The effect on width is again negligible, although in this case 


1. cos 1° = 0.9998, cos 5° = 0.9962, and cos 10° = 0.9848. Angles 
rarely exceeded 10°. 
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it would be increased and the slope angle decreased. However, when the 
vertical difference is decreased as well a decrease in slope factor 
will result. 

The magnitude of these errors is sufficiently small that the 
effect on the results is likely to be minimal. This method is 
therefore a very convenient way to obtain a rapid and accurate 


estimate of trail roughness, or microtopography. 
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Figure B2 
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